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EXECUTIVE  SUMMARY 


Stewardship  of  soil  and  water  resources  is  recognized  by  many  and  is  addressed 
by  legislation.     However,  many  people  view  watershed  management  as  a  cost  with 
no  economic  benefits.     Recent  research  and  analyses  have  demonstrated  that  the 
way  soil  and  water  are  managed  can  make  significant  differences  in  growth  and 
yields  of  timber,  in  forage  production,  in  fish  biomass,  in  enhanced  water 
related  values  and  resources  downstream,  and  in  road  construction  and 
maintenance  costs. 

A  National  effort  has  developed  analysis  procedures  for  estimating  the  economic 
benefits  of  soil  and  water  resource  management.     The  National  effort  focused  on 
5  emphasis  areas:  timber,  forage,  fish,  enhanced  water, and  road  construction 
and  maintenance.     The  benefits  are  increments  of  increased  timber,  forage,  and 
other  resources  from  improved  soil  and  water  resource  management.  The 
procedures  can  be  applied  to  recreation,  wildlife  and  other  soil  and  water 
dependent  resources .     The  report  discusses  these  procedures ,  and  the  data  and 
information  requirements  to  employ  the  procedures. 

The  procedures  and  economics  of  soil  and  water  management  are  demonstrated  by 
16  examples.     Examples  were  developed  for  all  emphasis  areas  and  for  all 
regions  of  the  country. 

The  interrelationships  between  soil  and  water  and  other  related  land  resources 
are  embedded  in  watershed  management.     Watershed  management  practices  or 
projects  illustrated  by  report  examples,  include: 

1)  rehabilitation  practices  aimed  at  correcting  past  land  use  actions; 

2)  protection  practices  to  maintain,  sustain,  augment,  or  enhance  current 
or  future  land  uses;  and 

3)  integration  of  watershed  practices  aimed  at  sustaining  or  enhancing 
upland  productivity  (while  preventing  adverse  on-site  or  downstream 
impacts)  into  other  resource  development  actions. 

This  report  provides  a  workable  framework  discussing  a  set  of  economically 
feasible  watershed  practices/projects  which  have  been  applied  on  National 
Forest  lands.     Most  of  the  examples  presented  demonstrate  positive  returns  from 
investments  in  soil  and  water  resource  management. 

A  few  examples  evaluated  practices  that  were  not  cost  effective  for  a  specific 
site  and  management  situation.     However,  these  practices  applied  in  another 
setting  may  prove  to  be  cost  effective. 

These  examples  can  assist  others  in  quantifying  and  evaluating  the  economics  of 
water  and  related  land  resource  practices  and  projects.  Such  analyses  will  aid 
in  prioritizing  projects  or  practices  for  funding  to  gain  the  greatest  economic 
efficiency. 

In  the  examples,  incremental  outputs  and  values  of  induced  goods  and  services 
attributable  to  investments  in  the  management  of  soil  and  water  resources  on 
forest  and  range  lands  are  identified.     The  examples  provide  insights  into  the 
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economic  implications  and  impacts  of  watershed  management  and  other  related 
land  resource  activities,  practices,  and  projects. 

Forest  resources  are  being  managed  in  an  integrated  manner.     The  procedures 
allow  analysis  of  multiresource  responses  and  economics  of  soil  and  water 
management  activities. 

The  report  contains  procedures  and  information  that  will  be  useful  to  a  wide 
variety  of  agencies,  industry,  private  landowners,  universities,  forest 
managers,  and  consultants.     It  contains  data  and  procedures  that  will  assist  in 
agency  program  and  budgeting  processes. 

Research  needs  are  identified  to  advance  the  development  of  the  economics  of 
soil  and  water  resource  management. 

The  bibliography  contains  over  700  references,  which  have  been  classified  as 
what  types  of  data  or  information  they  contain  and  where  such  information  fits 
in  the  analysis  procedures  presented  in  the  report.     The  bibliography  will 
provide  a  good  starting  reference  for  analyses  in  various  regions  of  the 
country. 
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PREFACE 

Stewardship  of  soil  and  water  resources  is  recognized  by  many,  and  is  addressed 
by  legislation.     However,  many  people  view  watershed  management  as  a  cost,  with 
little  or  no  direct  economic  benefit.     Recent  research  and  analyses  have 
demonstrated  that  the  way  soil  and  water  are  managed  can  make  significant 
differences  in  growth  and  yields  of  timber,  in  recreation  use,  in  fish  biomass, 
in  forage  production,  in  water  treatment  costs,  and  in  road  construction  and 
maintenance  costs. 

Several  factors  brought  about  recognition  of  the  serious  need  to  develop 
information  about  the  costs  and  benefits  of  soil  and  water  resource  management. 

In  April,  I986,  at  a  Watershed  Directors'  meeting,  the  Director  of  Watershed 
and  Air  Management  Staff  (Washington  Office)  and  the  Regional  Watershed 
Directors  considered  several  related  issues: 

first,  in  recent  years  the  economics  of  natural  resource  management 
has  become  a  major  national  issue; 

second,  forest  land  management  planning  includes  economic  evaluations 
of  resource  management  alternatives; 

third,  the  National  Debt  issue  has  raised  questions  of  benefit/cost 
concerning  investments  in  natural  resource  management,  especially 
concerned  with  "below  cost"  timber  sales  and  returns  to  the  Treasury; 
and 

finally,  private  and  industrial  landowners  need  demonstrated  economic 
returns  over  the  costs  of  investing  in  soil  and  water  management. 

To  help  address  these  and  other  issues,  the  economics  of  soil  and  water 
resource  management  need  to  be  quantified.     A  variety  of  Federal,  state  and 
local  agencies,  forest  industry,  universities,  and  interest  groups  have  also 
expressed  a  need  for  procedures,  information,  and  demonstration  examples  for 
economics  of  soil  and  water  resource  management. 

As  a  result,  a  national  effort  was  initiated  to  quantify  the  economic  benefits 
of  soil  and  water  resource  management. 

An  interdisciplinary  team  was  established  to  develop  the  economics  of  soil  and 
water  resource  management.     The  interdisciplinary  team  included  an  economist,  a 
forester,  two  hydrologists ,  a  range  economist/conservationist,  and  a  soil 
scientist  representing  the  Washington,  Regional,  and  Forest  levels  of  the 
Organization.     The  National  Forest  System  and  State  and  Private  Forestry  were 
represented  on  the  team. 

The  team  was  charged  with  demonstrating  the  economics  of  soil  and  water 
resource  management  through  examples.     Team  members  searched  for  available 
reports  from  National  Forests,  state  foresters,  and  industry;  conducted 
literature  searches;  and  constructed  examples  from  available  data,  information 
and  models. 
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The  product  is  this  report,  containing  procedures  for  making  economic  analyses; 
presenting  examples  of  economic  analyses  demonstrating  the  methodologies; 
identifying  sources  of  information;  and  recommending  follow-up  actions. 

The  report  provides  information  and  procedures  useful  to  a  wide  variety  of 
potential  users.     The  Washington  Office,  Regional  Offices,  and  individual 
National  Forests  can  use  the  report  in  watershed  program  planning,  prioritizing 
tasks,  implementing  forest  plans,  documenting  the  induced  resource  outputs  from 
soil  and  water  management,  and  determining  the  economic  benefits  of  soil  and 
water  management.     State  and  Private  Forestry  units  and  state  foresters  can  use 
it  in  program  planning  and  administration,  and  in  transferring  soil  and  water 
conservation  technology  to  forest  industry  and  to  the  small  private 
landowners . 

The  report  also  identifies  research  needs.     If  Forest  Service  Research, 
universities,  and  other  agencies  conduct  studies  in  these  areas,  soil  and  water 
resource  management  will  be  strongly  advanced. 
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OVERVIEW  OF  TEAM  EFFORT 
Charter  Statement  and  .Guiding  Principles 

Soil  and  water  are  the  basic  resources.    They  are  essential  to  the  production 
of  all  forest  and  range  land  products  and  services. 

The  amount  of  goods  and  services  that  will  be  produced  on  these  lands  directly 
depends  on  the  manner  in  which  the  soil  and  water  resources  are  managed, 
conserved,  and  used. 

These  resources  and  services  have  economic  value,  which  vary  to  the  extent  that 
they  are  in  limited  supply  and  meet  human  needs.    Through  specific  examples, 
this  "Economic  Values  of  Soil  and  Water  Resource  Management"  project  identified 
incremental  outputs  and  values  of  induced  goods  and  services  that  can  be 
attributed  to  investments  in  soil  and  water  resource  management  on  forest  and 
range  lands. 

The  team  limited  the  effort  to  five  emphasis  areas:     timber,  forage,  fisheries, 
enhanced  water,  and  roads.    The  procedures  developed  to  evaluate  the  economics 
of  watershed  management  in  these  five  emphasis  areas  are  also  applicable  to 
other  resource  analyses. 

Generally,  the  project  emphasized  comparing  the  value  of  goods  and  services 
produced  (or  conserved)  with  costs  incurred.     Therefore,  examples  of  induced 
outputs  or  benefits  (goods  and  services)  at  local  and  regional  levels  resulting 
from  investments  in  soil  and  water  resource  management  in  timber,  forage, 
enhanced  water  and  fisheries,  and  cost  savings  associated  with  roads  were 
examined. 

An  induced  benefit  is  a  primary  benefit  incidental  to  the  objectives  of  the 
policy,  program  or  project.  The  term  induced  outputs,  as  used  in  this  report, 
refers  to  the  increment  of  increased  (or  decreased)  direct  or  indirect  output 
of  goods  and  services  attributed  to  soil  and  water  resource  management. 

For  the  purposes  of  this  project,  the  concept  governing  induced  costs  and 
benefits  (in  accordance  with  Forest  Service  policy)  is  that  the  resource 
activity  or  program  that  incurs  the  costs  accounts  for  the  benefits  derived. 

Thus,  if  investments  in  soil  and  water  management  induce  resource  outputs, 
benefits  are  attributed  to  soil  and  water  management  activities.     Similarly,  if 
timber  management  investments  induce  other  resource  outputs,  that  program  is 
credited  with  producing  the  benefits.     If  several  resource  programs  make 
interrelated  investments  in  a  project,  all  share  credit  for  benefits  derived. 

Agency  soil  and  water  programs  fund  projects  such  as  watershed  improvements, 
watershed  rehabilitation,  skid  trail  and  road  rehabilitation,  and  quantifying 
and  securing  (through  special  use  permits  and  water  rights)  instream  flows. 
All  induced  outputs  of  timber  production,  forage,  fisheries,  enhanced  water, 
and  savings  in  road  costs  induced  by  these  investments  are  claimed  by  the 
agency's  soil  and  water  programs. 

Often  agency  soil  and  water  programs  include  technical  assistance  and  advice  to 
timber,  range,  fisheries  and  other  resource  management.    Technical  assistance 
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includes  making  soil  and  water  prescriptions,  reviewing  timber  management 
prescriptions,  providing  soil  interpretations,  and  a  variety  of  similar  inputs. 
Thus,  soil  and  water  makes  investments  in  multiple-use  management.     Soil  and 
water  technical  assistance  can  be  credited  with  a  portion  of  the  timber, 
forage,  and  other  resource  outputs  induced  by  implementing  the  recommended  soil 
and  water  resource  management. 

Induced  outputs  are  quantified  by  comparing  resource  outputs  between  sites 
where  soil  and  water  management  was  implemented  with  sites  where  it  was 
partially  or  not  implemented. 

Cost  information  for  soil  and  water  resource  management  came  from 

1)  investments  in  soil  and  water  projects  and  2)  costs  associated  with 

technical  assistance  to  other  resource  management  projects. 

To  be  usable  for  this  project,  examples  had  to  meet  two  criteria: 
1)  investments  in  soil  and  water  resource  management  were  made  in  the  project; 
and  2)  identifiable  induced  outputs  resulted  from  implementing  soil  and  water 
resource  management. 

Literature  Search 

Information  and  assistance  were  requested  from  Regional  Foresters,  the  Director 
of  the  Northeastern  Area,  and  others  in  a  letter  from  the  Chief  of  the  Forest 
Service.     Next,  contact  persons  were  established  at  each  of  the  Regional  and 
Area  Offices,  and  team  members  met  with  each  one  to    discuss  the  project  and  to 
define  the  type  of  data,  information,  and  reports  needed. 

A  slide  program  was  used  to  demonstrate  the  types  of  resource  and  economic 
analyses  to  be  developed  by  the  team.    Regional  contacts  then  worked  with 
National  Forest  Supervisor's  Offices,  state  foresters,  research  units,  and 
universities  to  locate  data,  papers,  reports,  or  examples  of  economic  analyses 
that  showed  potential  for  use  in  this  project. 

A  questionnaire  was  developed  to  assist  in  requesting  literature  and  reports 
from  the  various  sources. 

The  Rocky  Mountain  Forest  and  Range  Experiment  Station  in  Fort  Collins, 
Colorado  established  a  position  to  conduct  literature  searches,  assemble 
reports  from  the  Regions,  catalogue  materials  found  and  received,  support  the 
team  with  information  needs,  and  develop  the  bibliography. 

The  literature  search  was  limited  to  five  emphasis  areas:  timber,  forage, 
fisheries,  enhanced  water,  and  roads.    To  assist  in  the  literature  search,  a 
matrix  was  developed  for  each  area. 

These  matrices  are  briefly  described  the  Matrices  subsection  of  this  section, 
and  in  complete  detail  in  APPENDIX  A.    The  matrices  have  rows  and  columns  (see 
Table  1).    The  columns  identify  types  of  data  or  procedures  needed  for  an 
economic  analysis.     The  rows  are  soil  and  water  related  practices  for  which 
data  or  procedures  were  to  be  found  and  used  in  the  analysis.    The  intersection 
of  a  row  with  a  column  is  a  cell  in  the  matrix. 
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The  literature  searches  were  structured  to  locate  information,  data,  or 
procedures  pertinent  to  each  cell  in  the  matrix.     Computer  literature  searches 
were  not  very  fruitful,  because  available  key  words  were  too  general  and  did 
not  reflect  the  specific  needs  associated  with  each  cell.     Most  of  the  useful 
literature  was  located  by  reading  Forestry  Abstracts  to  determine  if  the  paper 
contained  useful  information. 

The  Regional  contacts,  team,  and  National  Forest  personnel  located  many  papers 
and  reports,  although  the  majority  of  the  papers  were  located  through  the 
literature  search.    Through  this  combined  effort,  over  700  publications  were 
located  and  catalogued.    There  is  no  easy  way  to  locate  this  type  of 
information.     It  requires  rigorous  review  of  reports,  digging  into  the 
abstracts,  and  spending  large  blocks  of  time  in  the  library. 

Matrices 

Five  matrices  were  developed  to  estimate  the  economic  benefits  from  soil  and 
water  resource  management  for  the  emphasis  areas.     These  matrices  served  three 
functions.    They:  1)  directed  the  literature  searches;  2)  governed  the 
cataloguing  of  papers;  and  3)  served  as  a  framework  for  projecting  the  induced 
outputs  and  economic  benefits  from  soil  and  water  resource  management. 

To  illustrate  the  matrices,  a  simplified  timber  matrix  (Table  1)  is  discussed 
here.     Two  Southern  soil  and  water  related  timber  management  practices  are 
compared:  site  preparation  for  tree  planting,  using  disking,  and  chop  and  burn 
practices  (column  1).     Further  explanations  of  the  information  in  each  column 
follow  the  table. 


Table  1.  Simplified  timber  matrix. 
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growth 

growth 

growth 

yield 

res . 

B  C  B/C  IRR 

practice 

{%) 

(Ft.) 

(Ft.) 

curves 

tables 

output 

$  $  % 

Site  prep. 

Disking 

% 

Ht. 

Ht. 

R 

Ya 

Chop  &  burn 

% 

Ht. 

Ht. 

R 

Yb 

Yb-Ya 

$  $  B/C  7, 

Note  that  disking  usually  follows  shearing  and  windrowing,  which  removes 
nutrients  and  topsoil  to  windrows  and  often  reduces  soil  productivity. 
Chopping  followed  by  a  cool  burn  leaves  more  nutrients  in  place,  and  better 
maintains  soil  productivity.     To  evaluate  timber  resource  output  differences 
between  treatments,  the  following  information  and  analysis  tools  are  needed. 

The  type  of  site  preparation  practice  can  affect  initial  stocking  levels 
(column  2) .     To  determine  if  both  treatments  produce  adequate  stocking  levels 
throughout  the  rotation,  the  future  stocking  levels  can  be  estimated  using 
stocking  versus  age  curves . 

Seedling  and  sapling  height  growth  can  be  different  between  these  two  site 
preparation  practices  (column  3)-     Seedling  and  sapling  height  growth  data  is 


15 


available  in  the  literature  for  these  practices  for  specific  timber  types  and 
sites . 

Sometimes  the  literature  contains  data  on  pole  and  sawtimber  height  growth 
differences  between  site  preparation  treatments  (column  4).     Using  height 
growth  curves  (R  in  column  5)t  rotation  height  can  be  estimated  from  early 
stand  height. 

Estimated  stocking  levels  and  rotation  stand  height  can  be  entered  into  growth 
and  yield  tables  (column  6)  to  estimate  wood  volumes  at  the  end  to  the 
rotation.     The  estimated  wood  volume  for  disking  is  yield  A  (Ya) ,  while  chop 
and  burn  should  yield  B  (Yb).     Assuming  disking  produces  less  wood  volume  than 
chop  and  burn,  the  induced  timber  output  from  better  soil  productivity 
maintenance  is  yield  B  minus  yield  A  (Yb-Ya  in  column  7)' 

The  increment  of  induced  timber  volume  (Yb-Ya)  has  a  stumpage  value  that  is 
discounted  to  a  net  present  value  or  a  benefit  (B)  in  column  8.     The  cost  of 
site  preparation  and  management  over  the  rotation  is  adjusted  to  a  present  cost 
(C)  in  column  8. 

A  benefit/cost  ratio  (B/C)  is  computed,  as  well  as  an  internal  rate  of  return 
(IRR)   (column  8) . 

This  type  of  analysis  quantifies  the  interactions  between  resource  outputs  and 
soil  and  water  management.     It  reveals  the  worth  of  soil  and  water  resource 
management  in  terms  of  timber  and  other  resource  outputs.     It  can  demonstrate 
which  soil  and  water  related  practice  should  produce  the  most  goods  and 
services  from  forest  land. 


Standard  Analysis  Procedures 

The  team  reviewed  the  accumulated  literature  and  reports,  and  developed 
standard  analytical  procedures.     Information  from  the  literature  search  led 
them  to  revise  matrices  as  needed.     Next,  based  on  available  literature, 
examples  were  selected  for  development. 

The  examples  followed  the  processes  outlined  by  the  matrices  and  used 
established  resource  analysis  procedures.     If  a  Forest  Service  Regional  Office 
had  models  to  evaluate  resource  responses,  these  models  were  utilized. 

For  example,  if  a  soil  and  water  related  practice  influenced  site  index,  then  a 
Regional  timber  growth  and  yield  model  was  used  to  estimate  growth  and  yield 
differences  between  practices.     The  team  developed  several  examples  to 
demonstrate  how  the  matrices  are  used,  the  types  of  data  and  procedures  needed, 
and  the  kind  of  results  the  analysis  procedures  produce. 
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APPLICATION  OF  ECONOMIC  MATRICES  TO  OTHER  RESOURCES 


Soil  and  water  resource  management  induces  outputs  in  recreation,  wildlife,  and 
other  resources.     The  matrices  and  analysis  procedures  developed  for  the  five 
emphasis  areas  demonstrate  methods  of  economic  analyses  that  can  be  applied 
when  evaluating  the  interactions  of  soil  and  water  management  actions  with 
other  resource  management  activities. 

The  procedures  presented  in  this  report  may  not  fit  the  needs  of  every 
situation.     This  should  not  prevent  evaluating  the  induced  outputs  and  cost 
savings  for  a  new  situation,  as  the  procedures  and  concepts  can  be  adapted. 

The  value  of  the  matrices  and  examples  is  the  demonstration  of  the  concepts, 
data  sources  needed,  and  approaches  to  determining  the  economics  of  soil  and 
water  resource  management. 
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EXJONOMIC  ANALYSIS 

All  but  one  of  the  examples  in  this  report  are  subjected  to  three  standard 
investment  analysis  criteria:     Internal  Rate  of  Return,  Present  Net  Value,  and 
Benefit/Cost  Ratio. 

The  costs  and  benefits  of  each  example  are  presented  in  terms  of  early  to 
mid-1980  dollars,  thus  each  analysis  is  in  real  terms.     Future  costs  and 
benefits  are  impacted  by  general  price  inflation  to  the  same  degree,  hence 
inflation  is  a  constant  and  cancels  itself  out. 

The  examples  reflect  only  the  increases  in  purchasing  power  of  the 
investments.     Accordingly,  conscious  effort  was  made  to  select  a  reasonable 
discount  rate  expressed  in  real  terms. 

A  h  percent  rate  was  chosen  for  two  basic  reasons: 

1)  it  is  the  rate  the  Forest  Service  uses  when  evaluating  for  internal 
purposes ;  and 

2)  it  is  a  reasonably  good  rate  to  apply  in  cases  typical  of  industrial  and 
nonindustrial  private  landowners. 

It  should  be  understood,  however,  that  there  is  nothing  sacred  about  a  k 
percent  discount  rate.    A  rate  was  needed  to  show  the  quantitative  examples. 

Even  though  4  percent  is  widely  used  and  defensible,  other  rates  could  have 
been  used,  as  long  as  they  were  in  real  terms  (that  is,  do  not  contain  any 
inflation) ,  and  reasonably  reflected  the  likely  real  rate  increases  that  will 
be  in  effect  in  the  economy  (during  the  time  span  inherent  in  the  problem  being 
analyzed) . 

Selected  evaluation  terms  and  their  definitions  (based  upon  Forest  Service 
Handbook  I909.I7) : 

Internal  Rate  of  Return  (or  rate  of  return  in  FSH  I909.I7)  is  the  discount 
rate  that  makes  the  present  benefit  value  equal  the  present  cost  value.  It 
is  the  capital  growth  rate  while  invested  in  the  project. 

Discount  Rate,  Real.  A  discount  rate  adjusted  to  exclude  the  effects  of 
inflation. 

Discount  Value:  A  method  used  in  project  evaluation  to  discount  future 
costs  and  benefits  to  the  present. 

Present  Net  Value  is  the  present  benefit  value  of  the  stream  of  benefits 
less  the  present  cost  value  of  the  schedule  of  costs. 


Benefit/Cost  Ratio  is  the  present  benefit  value  divided  by  the  present  cost 
value . 
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Methodology.     Methodology  for  economic  and  social  analysis  used  in  this  report 
is  based  on  standard  economic  principles  employed  in  economic  efficiency 
analysis.     Concepts  and  principles  have  been  extrapolated  from  standard 
economic  texts  in  to  Forest  Service  manuals  and  handbooks.     These  are:  Forest 
Service  Manual  (FSM)  1970,  Economic  and  Social  Analysis;  Forest  Service 
Handbook  (FSH)  I909.I7,  Economic  and  Social  Analysis  Handbook;  FSH  2209.11, 
Range  Project  Effectiveness  Analysis  Handbook,  and  FSH  2509-15.  Watershed 
Improvement  Handbook. 

The  "Watershed  Economic  Examples"  presented  in  the  report  are  applications  of 
the  concepts  and  principles  contained  within  these  Forest  Service  directives. 
The  examples  rely  on  economic  analysis  methods  involved  in  benefit/cost 
analysis,  present  net  value,  and  internal  rate  of  return. 

Except  for  one  or  two  exceptions,  nonmarket  benefits  are  not  quantified  or 
valued.     While  it  was  not  the  intent  of  the  authors  to  cover  nonmarket  outputs 
such  as  wildlife,  fish,  scenery,  and  so  on,  these  values  may  be  included  in  the 
cost  effectiveness  analysis  of  watershed  projects  or  soil  and  water  resource 
management.     For  more  specific  reference  to  the  economic  methods  employed  in 
the  examples  the  reader  may  refer  to  the  Forest  Service  directives  cited,  or 
standard  economic  texts  on  cost  benefit  (economic  efficiency)  evaluation. 
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INTEGRATED  RESOURCE  MANAGEMENT 

The  concepts,  information,  economic  analysis  procedures,  and  bibliography 
contained  in  this  report  are  applicable  to  all  phases  of  integrated  land  and 
resource  management.     The  type  and  degree  of  integrated  resource  management 
will  vary  between  agencies  and  landowners . 

As  projects  are  analyzed  and  designed,  all  resource  benefits  and  costs  need  to 
be  considered.    To  adequately  address  these  concerns,  the  skills  of  resource 
specialists  and  economists  are  needed. 

Resource  specialists  determine  the  costs  and  resource  responses  of  soil  and 
water  management,  and  work  with  economists  to  determine  resource  outputs, 
direct  and  induced  economic  benefits,  and  costs.     Economic  benefits  are  valued 
through  present  net  value,  internal  rates  of  return  and  benefit/cost  analysis. 

An  example  of  integrated  resource  planning  and  economic  analysis  is  the  process 
used  by  the  Forest  Service  in  developing  and  implementing  National  Forest 
plans.     The  specific  details  regarding  this  process  are  found  in  Forest  Service 
Handbook  I909.I2,  Land  and  Resource  Management  Planning  Handbook. 

The  examples  presented  in  this  report  deal  with  tangible  soil  and  water 
benefits.     The  team  recognizes  that  intangible  benefits  are  important  and 
should  be  included  in  comprehensive  analyses  of  the  economics  of  soil  and  water 
resource  management.     The  following  examples  were  developed  from  data  and 
reports  supplied  to  the  team.     Most  did  not  address  intangible  benefits--in 
fact  only  one  of  the  examples  supplied  directly  addresses  them. 

The  team  recognizes  that  soil  and  water  management  affects  a  variety  of 
resource  outputs.     Again,  most  of  the  data  and  reports  supplied  evaluated  only 
a  single  resource  response  to  a  soil  and  water  treatment.     A  few  analyses  did 
evaluate  several  resource  outputs  from  soil  and  water  management. 

Most  examples  outline  the  process  used  to  estimate  a  single  induced  output 
between  soil  and  water  practices. 

The  process  for  evaluating  a  single  resource  response  can  be  linked  with 
several  other  processes  to  evaluate  multiple  resource  responses  for  a  set  of 
soil  and  water  practices.     The  five  matrices  presented  in  this  report  outline  a 
variety  of  processes  for  evaluating  induced  outputs  from  soil  and  water 
management.    The  matrices  and  processes  can  be  linked  to  perform  a 
comprehensive  analysis  of  resource  interactions. 
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EXAMPLES  OF  SOIL  AND  WATER  RESOURCE  MANAGEMENT 
AND  ECONOMIC  EFFICIENCY  ANALYSIS 


The  following  l6  examples  demonstrate  the  application  of  the  concepts, 
matrices,  and  analytical  procedures  discussed  in  previous  sections.     They  are 
meant  to  stimulate  thoughtful  consideration  of  how  the  concepts  and  analytical 
procedures  might  be  used  to  evaluate  the  economics  of  soil  and  water  management 
situations. 

The  examples  were  solicited  from  various  regions  of  the  country,  and 
specifically  address  the  five  emphasis  areas.    A  majority  of  the  examples 
emphasizes  timber  production,  though  other  outputs  such  as  forage,  fish  and 
wildlife,  and  reduced  sedimentation  are  also  identified  and  evaluated. 

The  examples  are  presented  in  summary  or  outline  form,  and  are  complete  enough 
to  show  the  analytical  approach  used.     If  outputs  can  be  quantified  and  value, 
they  should  be  included  in  the  analysis.     Note,  however,  in  some  of  the 
examples,  some  market  outputs  that  might  be  expected  are  not  mentioned,  and  in 
only  one  or  two  examples  are  nonmarket  outputs  (such  as  aesthetics  and 
wildlife)  valued.     It  is  not  the  purpose  of  this  report  to  suggest  that 
measurable  market  and  nonmarket  outputs  be  ignored  or  excluded  from 
consideration . 

Format  of  the  Examples: 

Title:  Describes  the  example. 
Source:  Source  of  the  example. 

Problem:  A  statement  of  the  problem  and/or  objective  of  the  analysis. 

Identifies  resource  management  opportunities  or  losses  being 
incurred. 

Soil  and  Water  Involvement:     Here,  how  soil  and  water  resource 
management  contributed  to  the  resolution  of  the  problem  is  briefly 
described. 

Approaches  to  Solution:  Possible  solutions  or  approaches  to  solving  the 

problem  are  discussed. 
Economics:    Tables  or  narratives,  including  information  on  data  inputs, 

timing  of  resource  outputs,  dollar  investments  and  benefits,  cost 

schedules,  present  net  values,  benefit/cost  ratios,  and  internal 

rates  of  return  are  presented. 
Conclusions:  Interpretations  of  economic  analysis  and  resource  management. 
References:  Literature  citations. 

For  complete  documentation  of  each  example,  specific  references  supporting  each 
example  are  given.     In  some  cases,  examples  are  based  on  a  specific  situation. 
Outputs  are  presented  for  that  specific  situation,  but  the  economic  analysis 
was  revised  to  conform  with  procedures  established  by  the  team. 
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Example  1 :  Title:  Soil  and  Water  Resource  Management  In  Road  Construction  and 
Maintenance. 

Source :    Eastern  Region,  USDA  Forest  Service. 
Problem : 

Soil  and  water  resource  management  needs  to  be  included  in  road 
location,  design,  construction  and  maintenance. 

This  need  applies  to  all  classes  of  landownership .     Roads  constructed 
and  maintained  without  soil  and  water  resource  management  involvement 
may  have  unacceptable  environmental  impacts,  cost  more  to  maintain, 
possibly  cost  more  to  build,  and  (over  time)  may  cost  more  to  operate. 

The  main  haul  road  to  a  timber  sale  was  built  across  problem  soils 
where  the  cutbanks  yield  excessive  surface  runoff  and  erode  easily. 
Timber  will  be  hauled  over  the  road  periodically  for  the  next  20 
years . 

The  volume  of  runoff  from  the  cutbanks  is  sufficient  to  erode  through 
the  road  surface  and  subgrade.     To  maintain  access,  repair  of  road 
surface  and  subgrade  will  be  needed  approximately  every  three  years. 

Soil  and  water  resource  management  was  not  included  in  road  location, 
design,  and  construction. 

Soil  and  Water 
Involvement : 

A  soil  scientist  could  have  mapped  the  soils,  reviewed  the  road 
location  in  the  field,  made  soil  interpretations,  assisted  in  the 
design  of  runoff  and  erosion  control  practices,  and/or  provided 
necessary  training  to  foresters  and  engineers  in  soil  and  water 
resource  management  associated  with  reading. 

Solution: 

The  road  should  have  been  constructed  with  midslope  terraces  in 
cutbanks  and  water  diversion  above  cutbank.     Slopes  would  have  been 
seeded,  fertilized,  and  mulched. 

Rationale : 

The  existing  road  is  experiencing  runoff  and  erosion  damage  to 
cutbank,  road  surface  and  road  subgrade.     Actual  repair  costs  for 
maintenance  (scheduled  at  three  year  intervals)  are  reported. 

The  continuing  repair  costs  could  have  been  eliminated  if  erosion  and 
runoff  control  structures  had  been  designed  and  constructed  in  and 
above  the  cutbanks.  Projected  construction  costs  are  based  upon  actual 
construction  data  for  similar  projects  on  National  Forest  land. 
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Economics : 

Current  situation:  haul  road  built  without  soil  and  water  support. 
Repair  costs  are  as  follows: 

A.  Equipment  costs: 

1.  10-yard  dumptruck,  lowboy, 

and  operator  $30/hr.  x  6  hrs.  =  $l80 

2.  Frontend  loader,  operator  $35/hr.  x  3  hrs.  =  105 

3.  Bulldozer,  operator  $40/hr.  x  2  hrs.  =   80 

$365 

B.  Materials 

1.  30  yards  pit  run  gravel 

for  subgrade  fill  at    $.75/yard  =  $22 

2.  20  yards  of  Class  5 

surface  gravel  at  $5.00/yard  =  100 

$122 

C.  Repair  work  supervision  $10/hr.x  4  hrs.  =  $40 

$40 

Total  repair  cost  =  $527 

These  repair  costs  are  projected  to  recur  every  three  years,  or  six  times  over 
the  20-year  expected  life  of  the  road.     The  discounted  value  of  the  costs  of 
these  six  maintenances  {to  the  time  of  original  construction)  is  $2,137.  using 
a  discount  rate  of  4  percent. 

Alternative:  Soil  and  water  input  into  haul  road  design  and  construction,  and 
construction  of  erosion  and  runoff  control  structures. 

Cost  of  support  services  and  structures: 

A.  Labor  to  construct  mid-slope  terraces 

and  water  diversions  above  cutbank  $780 

B.  Material  to  revegetate  cutbank, 

seed,  fertilizer  and  mulch  120 

C.  Soil  scientist  support  services  300 

Total    =  $1,200 

The  additional  $1,200  cost  at  the  time  of  construction  would  have  eliminated 
the  heavy  maintenance  every  three  years. 

Considering  the  $2,137  saved  as  a  benefit  from  spending  $1,200  more  at  time  of 
construction: 


the  internal  rate  of  return  from  $1,200  additional  cost  is  11.2  percent; 
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the  present  net  value  is  $937;  and 
the  benefit/cost  ratio  is  I.78  to  1.00. 
Conclusion: 

The  additional  preventive  construction  cost  at  the  time  the  road  was 
originally  built  would  have  been  strongly  justified  on  economic 
grounds . 
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Example  2:  Title:  Benefits  of  soil  and  water  input  into  the  design  for  a  road 
reconstruction  project. 

Source :    Value  Engineering  Proposal  Summary,  3  Forks  Road  Reconstruction, 
January  l8,  1984,  R-3.  Apache/Si tgreaves  NF,  Dean  Berkey,  et  al. 


A  proposal  for  reconstruction  of  3'0  miles  of  existing  single  lane 
road  to  double  lane  with  an  aggregate  surface.     The  new  design  was  for 
35  inph  travel  speeds  and  future  designation  as  a  Forest  Highway. 
Design  standards  and  cost  estimates  were  based  on  the  1979 
reconstruction  of  an  adjacent  section  of  the  same  road.     The  project 
required  both  protection  of  soil  and  water  and  maintaining  low  costs. 


Estimated  cost  for  the  reconstruction,  based  on  the  1979  experience, 
is  $796,000. 


A  hydrologist  was  appointed  as  a  member  of  the  interdisciplinary  team 
for  the  project.     Technical  contributions  included  a  provision  for 
steeper  road  bank  cuts  in  soils  of  low  erodibility  and  low 
revegetation  potential,  and  a  narrower  road  width,  which  would  reduce 
construction  costs  while  disturbing  less  soil. 


The  approach  was  simply  to  provide  soil  and  water  expertise  on  the 
interdisciplinary  team  for  the  project  evaluation,  and  to  incorporate 
into  the  design  suggestions  meeting  watershed  constraints  and 
contributing  to  project  objectives. 


Because  of  the  knowledge  and  expertise  brought  to  the  team  by  the 
hydrologist,  adjustments  in  design  were  made.     These  resulted  in 
significant  savings,  met  project  objectives,  and  protected  soil  and 
water  values. 


Problem : 


Soil  and  Water 
Involvement: 


Approach : 


Rationale : 


Economics : 


Without  Soil/Water  Input 


With  Soil/Water  Input 


Miles  of  Road 


3.0 


3.0 


Reconstruction  Costs 


$796,000 


$372,044 


Soil/Water  input  costs 


$800 


Immediate  benefit  (savings) 
of  Soil/Water  input 


$211,978 
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Long  term  benefits  (road  in  place--no  appreciable  difference  in  annual  costs). 
Conclusions ; 

This  example  shows  a  dramatic  savings  as  a  result  of  soil  and  water 
expertise . 

Watershed  input,  which  cost  about  $800,  resulted  in  50  percent  of  the 
savings  of  $^23,956.     While  this  example  demonstrates  an  immediate 
savings  benefit,  often  the  positive  economic  benefits  of  soil  and 
water  input  for  most  road  construction/reconstruction  projects  come 
over  the  long  term. 

Considering  "best  management  practices"  for  soil  and  water  protection 
in  road  design  results  in  longer  life  and  less  maintenance  costs  for 
roads.    We  often  become  preoccupied  with  the  costs  associated  with  the 
incorporation  of  these  practices,  neglecting  to  consider  their  short 
and  long  term  benefits.    These  benefits  should  be  included  in  any 
economic  analyses  for  road  projects. 
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Example  3>-  Title:  Gully  Restoration,  Oconee  Ranger  District,  Compartment  I69 

Source ;  USDA  Forest  Service.  I982.     Gully  Restoration,  Oconee  Ranger  District, 
Compartment  I69.     File  report,  Chattahoochee-Oconee  National  Forest, 
Gainesville,  Ga. 

Problem : 

A  large  gully  on  land  now  part  of  the  Oconee  National  Forest  had 
formed  when  the  land  was  still  in  agricultural  use.  The  gully  has  been 
invaded  by  trees  and  brush,  but  has  still  not  healed,  and  erosion  and 
sediment  yields  are  unacceptable.    The  area  of  the  gully  and  adjacent 
land  needing  treatment  is  six  acres. 

Soil  and  Water 
Involvement : 

Soil  and  water  specialists  working  with  other  resource  specialists 
designed  the  restoration  of  the  gully. 

Solution: 

Three  alternatives  for  rehabilitation  are  evaluated:  high  cost,  low 
cost;  and  no  action.    Descriptions  follow: 

High  cost  rehabilitation:  all  timber  and  brush  is  cleared  from 
the  gully  and  surrounding  area  for  soil  material  to  fill  and 
shape  gully.  Fill  material  is  moved  into  the  gully;  terraces  are 
constructed,  and  the  gully  shaped.    After  earthwork  is  completed, 
the  entire  area  is  ripped,  disked,  limed,  fertilized,  seeded, 
fertilized,  and  mulched.     Project  protection  involves  reseeding, 
refertilization  and  maintenance  for  three  years  after  initial 
treatment,  with  loblolly  pine  planted  over  the  entire  area  three 
years  after  the  initial  earth  work. 

Low  cost  rehabilitation:  timber  is  not  removed  from  gully,  but  is 
removed  from  the  surrounding  area.     A  ditch  is  constructed  above 
the  head  of  the  gully,  with  runoff  discharged  onto  a  stable 
soil.     The  gully  is  fertilized  and  seeded  with  native 
vegetation.     Maintenance  is  scheduled  for  three  years,  including 
fertilization,  spot  seeding  and  ditch  repair.     Loblolly  pine  is 
planted  during  the  second  year. 

No  action  alternative:  no  rehabilitation  treatment  is  provided. 
Timber  is  harvested  and  a  plantation  is  established  beyond  a  I5 
foot  buffer  around  the  gully. 

Rationale ; 

Costs  and  benefits  associated  with  restoration,  resource  management, 
and  resource  outputs  are  based  upon  District  data  and  experience.  The 
value  for  sediment  reduction  was  set  at  $5  per  ton,  based  on  reported 
dredging  costs.     Wildlife  habitat  values  for  different  stand  ages  are 
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those  used  in  the  Forest  Plan.    The  costs  for  gully  restoration, 
maintenance,  tree  planting,  thinning  administration,  and  clearcut 
administration  are  based  upon  project  experience  and  file  data  from 
the  Forest. 

Pulpwood  and  sawtimber  volumes  harvested  by  thinnings  and  clearcuts 
are  based  upon  Forest  data  and  models.    The  values  for  pulpwood  and 
sawtimber  are  based  upon  stumpage  values  for  timber  sold  by  the 
Forest. 


Economics:  Restoration  and  management  of  old  gullies  requires  several 
investments  over  several  years.    Returns  from  these  investments  occur 
throughout  the  first  rotation  of  trees.    The  sequence  of  investments  and 
benefits  are  outlined  for  each  alternative  (tables  2,  3t  and  4). 


Table  2.  Economic  analysis  of  high  cost  gully  restoration. 


Investments 

Benefits 

Cost 

fear 

Description 

$/Ac 

Year 

Description  and  Revenue 

1 

Sediment  reduction:  24  tons  at 

0 

Gully  restoration 

1,800 

$5/ton. 

1 

Maintenance 

150 

1-5 

Wildlife  habitat:  10  acres  at 

2 

Maintenance 

150 

$71/acre/year . 

2 

Tree  planting 

75 

2 

Sediment  reduction:  27  tons  at 

3 

Maintenance 

150 

$5/ton. 

30 

Thinning  admin. 

50 

2-30 

Visual  condition:  $3/acre  for 

^0 

Thinning  admin. 

45 

10  acres  for  29  years. 

60 

Clearcut  admin. 

^0 

3-60 

Sediment  reduction:  30  tons  at 

$5/ton  for  5S  years. 
6-10      Wildlife  habitat:  10  acres  at 
$4l/acre  for  5  years. 
11-20      Wildlife  habitat:  10  acres  at 

$3/acre  for  10  years. 
21-60      Wildlife  habitat:  10  acres  at 

$34/acre  for  kO  years.  Under- 
story  forage  improves. 
30      Thinning:  0.68  thousand  board 
feet  {MBF)/acre  at 
$119/MBF;  and  3.8  cunits 
(CCF)  at  $11.55/CCF  for 
10  acres. 
40      Thinning:  O.96  MBF/acre  at 

$121/MBF;  and  1.7  CCF/acre 
at  $12.10/CCF  for  10  acres. 
60      Clearcut:  10.2  MBF/acre  at 

$127/MBF;  and  6.5  CCF/acre  at 

 $13.31/CCF  for  10  acres. 

Internal  rate  of  return:  I.9  percent. 

Present  net  value  at  k  percent:  -$93^  per  acre. 

Benefit/cost  ratio  at  4  percent:  O.6O  to  1.00  
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Table  3-  Economic  analysis  of  low  cost  gully  restoration. 


Investments 

Income 

Cost 

Year 

Description 

$/Ac. 

Year 

Description  and  Benefit 

0 

Gully  restoration: 

1 

Sediment  reduction:  6  tons  at  S5 

Ditch 

80 

per  ton. 

1-5 

Wildlife  habitat:  $71/acre  for 

5 

1 

Maintenance 

60 

years  for  10  acres. 

1 

Tree  planting  (6  acres) 

171 

2 

Sediment  reduction:  12  tons  at 

S5 

2 

Maintenance 

60 

per  ton. 

3 

Maintenance 

60 

3 

Sediment  reduction:  l8  tons  at 

$5 

30 

Thinning  admin.  (6 

acres) 

33 

per  ton. 

40 

Thinning  admin.  (6 

acres) 

30 

4 

Sediment  reduction:  24  tons  at 

$5 

60 

Clearcut  admin.  (6 

acres) 

27 

per  ton. 

5-30     Visual  condition:  $l/acre  for  10 
acres  for  26  years. 

5-  60      Sediment  reduction:  30  tons  at  $5 

per  ton  for  56  years. 

6-  10      Wildlife  habitat:  $4l  per  acre 

for  10  acres  for  5  years. 
11-20      Wildlife  habitat:  $3  per  acre  for 

for  10  acres  for  10  years. 
21-60      Wildlife  habitat:  $34  per  acre 
for  10  acres  for  40  years. 
Understory  forage  improves. 
30      Thinning:  0.68  MBF/acre  at  $118/ 
MBF;  and  3-8  CCF/acre  at 
$11.55/CFF  for  6  acres. 
CFF  for  6  acres. 
40      Thinning:  O.96  MBF/acre  at  $121/ 
MBF;  and  I.7  CCF/acre  at 
$12.10  CCF  for  6  acres. 
60      Clearcut:  10.2  MBF/acre  at  $127/ 
MBF;  and  6.5  CCF/acre  at 

 $13.31/CCF  for  6  acres.  

Internal  rate  of  return:  I8.O  percent. 
Present  net  value  at  4  percent:  $885  per  acre. 

Benefit/cost  ratio  at  4  percent:  3-0  to  1.0.  
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Table  ^.  Economic  analysis  of  no  action  alternative  for  gully  restoration 


Investments 

Income 

Cost 

T  7  

Year 

Description 

!1)/Ac . 

Year 

Description  and  Benefit 

0 

• 

Tree  planting  (6  acres) 

lyl 

1-5 

Wiiuiiie  nabitat:  lt>/i/acre 

for 

30 

Thinning  admin.   (6  ac.) 

55 

4  acres  for  5  years. 

^0 

Thinning  admin .    ( 6  ac . ) 

30 

6-10 

Wildlife  habitat:  $4l/acre 

f  or 

60 

Clearcut  admin.   (6  ac.) 

27 

k  acres  for  5  years. 

11-20      Wildlife  habitat:  $3/acre  for 

k  acres  for  10  years. 
21-60      Wildlife  habitat:  $34/acre  for 
k  acres  for  40  years.  Under- 
story  forage  improves. 
30      Thinning:  0.68  MBF/acre  at  $118/ 
MBF;  and  3-8  CCF/acre  at  $11.55/ 
CCF  for  6  acres. 
40      Thinning:  O.96  MBF/acre  at  $121/ 
MBF;  and  1.7  CCF/acre  at  $12.10/ 
CCF  for  6  acres. 
60      Clearcut:  10.2  MBF/acre  at  $127/ 
MBF;  and  6.5  CCF/acre  at  $13-31/ 

 CCF  for  6  acres.  

Internal  rate  of  return:  12.3  percent. 
Present  net  value  at  4  percent:  $3l6  per  acre. 

Benefit/cost  ratio  at  4  percent:  2.66  to  1.00.  

Conclusions : 

When  selecting  the  best  gully  restoration  alternative,  factors  other  than 
pure  economics  determine  the  choice.     In  this  situation,  other  factors  to 
consider  are  the  impacts  on  warm  water  fisheries  and  recreation  values  that 
might  be  affected  by  sediment. 

Based  on  the  economic  analysis  information  displayed  in  tables  2,  3.  and  4, 
the  low  cost  alternative  is  the  most  cost-effective.      It  might  be  selected 
if  the  sediment  yield  was  below  the  threshold  to  impair  warm  water 
fisheries  and  downstream  recreation. 

If  warm  water  fisheries  and  recreation  were  impaired,  or  were  issues  with 
users,  the  low  cost  alternative  is  the  most  cost  effective  method  to  reduce 
sedimentation.     The  high  cost  alternative  would  be  used  to  solve  sediment 
impacts  on  high-value  fisheries  and  recreational  waters. 
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Example  k:  Title:     Restoring  Soil  Productivity  by  Bespreading  Topsoil. 
Source :    Pacific  Southwest  Region,  USDA  Forest  Service 
Problem ; 

A  problem  common  to  all  types  of  landownership  is  the  impact  of  site 
preparation  for  tree  planting  on  soil  productivity.     During  the 
process  of  reducing  vegetative  competition  for  tree  seedlings,  litter 
and  topsoil  are  sometimes  removed  and  deposited  in  windrows. 

Litter  and  topsoil  contain  a  large  portion  of  the  nutrients  needed  by 
trees  for  growth  to  sawtimber  size.     Removing  nutrients  during  site 
preparation  can  significantly  reduce  site  productivity  and  timber 
yields.     Including  soil  resource  management  in  site  preparation 
projects  can  help  managers  retain  these  nutrients,  thus  maintaining 
soil  productivity  and  timber  yields  and  benefiting  the  timber 
resource. 

This  example  evaluates  the  effects  on  soil  productivity  and  tree 
growth  from  the  displacement  of  three  or  more  inches  of  topsoil  during 
site  preparation  activities.     The  site  preparation  project  was 
designed  to  remove  the  seed  source  for  competing  plant  species. 

Tree  increment  core  data  reveals  that  plantations  established  with 
this  type  of  site  preparation  suffer  reduced  height  and  volume  growth 
during  the  20  years  following  site  preparation.     Indications  are  that 
this  reduced  growth  will  probably  persist  through  the  rotation, 
reducing  the  future  value  of  the  harvest. 

Soil  and  Water 
Involvement : 

A  soil  scientist  can  collect  and  analyze  soil  samples  to  determine 
what  nutrients  are  available  for  plant  growth.     With  information  about 
the  amount  of  topsoil  displacement,  the  potential  (undisturbed) 
productivity  of  the  site  can  be  determined,  and  estimates  of  the 
amount  of  soil  productivity  loss  and  subsequent  tree  growth  loss  can 
be  made. 

Analysis  of  mineralizable  soil  nitrogen  allows  the  soil  scientist  to 
determine  the  approximate  percentage  of  productivity  loss  (see  the 
paper  by  Miles  and  Powers).     To  field-verify  this  relationship  between 
soil  productivity  loss  and  and  tree  growth,  increment  core  samples  (to 
determine  inches  of  radial  growth  over  time)  can  be  taken. 

Approaches 
to  Solution: 

Two  options  can  be  considered  to  reduce  or  eliminate  this  volume/value 
loss . 

The  first  option  is  to  rehabilitate  the  plantation  by  spreading 
displaced  topsoil  back  to  its  original  position  and  depth,  so  the  pine 
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plantation  can  utilize  the  nutrients  it  contains.     The  second  option 
is  to  fertilize  the  plantation  every  10  years  for  the  remainder  of  the 
rotation. 

Rationale : 

The  soil  productivity  decline  is  due  to  the  mechanical  removal  of  the 
topsoil.     Estimated  radial  growth  rate  of  tree  is  reduced  by  35 
percent  compared  to  trees  growing  on  undisturbed  soil.     Soil  analysis 
of  mineralizable  soil  nitrogen  supports  the  assumption  that  growth 
loss  is  due  to  the  lower  availability  of  nitrogen  where  topsoil  has 
been  removed. 

Using  a  stumpage  value  of  $1.27  per>  cubic  foot  for  Ponderosa  pine 
(based  on  data  in  the  Modoc  National  Forest  Plan) ,  a  100-year  rotation 
was  used  to  compare  timber  growth  and  yields  between  options. 

The  resulting  benefit  in  dollars  per  acre  is  a  comparison  of  values 
for  the  three  alternatives  described  in  table  5-     These  values  are  the 
future  value  used  in  the  economic  analysis. 
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Table  5-  Economic  comparison  of  alternatives  for  restoring  soil  productivity. 


Do  nothing 

55 
5.500 


35?^ 

3,575 
1.27 

4,540 


Original  site  productivity 
rsp  /ac./yr.  at  CMAl 

Total  potential  volume 
ft.^) 

Stand  productivity  foregone 
(lost)  during  first  20  years 
growth;  and  continued  loss 
if  no  treatment  is  used. 

Wood_volume  at  100  years 
(ft.^/ac. ) 

Stumpage  value/ft.  $ 

Stumpage  value  at  100  years 
(ft.     stumpage  value  x 
volume)    (in  dollars) . 

Resulting  value  of 
treatments  at  100  years 
(in  dollars) . 

Present  (year  20)  value  of 
resulting  values 
discounted  at  4  percent 

Mitigation  costs/ac. 


Present  20  year  value 
of  mitigation  costs. 

Internal  rate  of  return 
Present  net  value 
(at  4  percent;  20  yr.) 
Benefit/cost  ratio 
(at  4  percent;  20  yr.) 


Topsoil 

redistribution 


55 
5.500 


5.115 
$  1.27 

6,496 

1.956 

$84.86 

$45.00 
(at  yr.  20) 

$45.00 
4.82% 
$39.86 
1.89:1 


Fertilize  every 
10  yrs.  Age  20-90 


55 
5.500 


5.115 
$  1.27 

6.496 

1.956 

$84.86 

$60.00  at  yrs, 

20,30,40,50, 

60,70,80,90. 

$176.91 
2.74% 
$-92.05 
0.48:1 


Culmination  of  Mean  Annual  Increment 
Conclusion:      The  topsoil  redistribution  rehabilitation  investment  shows: 

a  favorable  benefit/cost  ratio; 

an  IRR  greater  than  the  4  percent  alternative  rate;  and 


a  positive  present  net  value. 
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Ref  erences : 

Miles,  S.R.  &  Powers,  R.F.  "Fertilizing  California  Forests  with 

Nitrogen  -  Preliminary  Guidelines",  November  I983,  USDA  Forest  Service, 
Pacific  Southwest  Region,  l4  pg. ,  unpublished. 

Luckow,  K.R.,  "Plum  Ridge  Soil  Improvement  Project",  March  1984,  USDA  Forest 
Service,  Modoc  National  Forest,  10  pg. ,  unpublished. 
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Example  5-  Title:  Reducing  Watershed  Damage  and  Regeneration  Costs  by 
Planting  Seedlings  in  Logging  Slash. 

Source :  Pacific  Southwest  Region,  USDA  Forest  Service. 

Problem; 

Broadcast  burning  of  harvest  areas  is  done  by  various  landowners  to: 

1)  reduce  fuel  hazard; 

2)  protect  against  wildfire  through  the  next  rotation;  and 

3)  eliminate  slash  and  competition  for  planting  and  survival  of 
seedlings . 

Broadcast  burning  has  three  soil  and  water  problems  associated  with 
it.     First,  broadcast  burns  can  escape  and  burn  streamside  management 
zones  (SMZs) .     Burned  streamside  management  zones  are  not  as  effective 
in  protecting  water  quality.     Second,  burning  on  highly  erodible  soils 
increases  erosion/sedimentation.     Finally,  burning  may  reduce  soil 
productivity. 

Costly  mitigation  measures  can  be  used  protect  soil  productivity  and 
water  quality  that  will  increase  the  cost  of  site  preparation  for 
planting.     An  alternative  slash  reduction  method  is  evaluated  and 
compared  to  broadcast  burning. 

The  alternative  needs  to  reduce  fire  hazard,  reduce  regeneration 
costs,  protect  soil  productivity,  and  protect  water  quality. 

Soil  and  Water 
Involvement : 

The  soil  scientist  and  hydrologist  integrate  soil  and  water  resource 
management  into  project  plans,  while  meeting  the  needs  of  timber 
resource  management.     Soil  moisture/plant  relationship  information  was 
utilized  in  generating  alternatives  and  modifying  alternatives  to 
maximize  the  probability  of  seedling  survival. 

Approaches 
to  Solution; 

Recently,  a  "no-burn  alternative"  for  site  preparation  for  seedling 
establishment  has  received  much  attention. 

Research  in  Oregon  found  that  770  trees  per  acre  could  be  planted  on 
an  8  by  8  foot  spacing  in  slash  of  65  tons/acre  (Fir  Report  I986) . 
Similar  work  done  on  the  Hayfork  Ranger  District  of  the  Shasta  Trinity 
National  Forest  supports  the  findings  {Glines  and  Bryant  I986) .  To 
consider  the  no-burn  alternative,  the  risk  of  wildfire  through  the 
rotation  must  be  reduced  and  seedling  establishment  must  be  assured. 


Three  alternatives  were  considered. 
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Alternative  1  involves  broadcast  burning  with  protection  of  streamside 
management  zones  (SMZ) . 

The  two  other  alternatives  both  involve  the  no-burn  choice  and  yarding 
of  unmerchantable  material  (YUM) . 

Alternative  2  requires  YUM  of  material  15  inches  in  diameter  or 
larger. 

Alternative  3  requires  YUM  of  material  8  inches  and  larger. 


Rationale : 

For  the  purpose  of  developing  this  example,     the  following  I986  cost 
data  was  taken  from  the  Forest  Plan,  file  data,  and  projected 
experience  on  the  Shasta  Trinity  National  Forest: 

an  average  broadcast  burning  cost  of  $350  per  acre; 

burning  costs  increase  by  $^50  per  acre  to  protect  SMZ; 

for  YUM  (15-inch  material)  with  no-burn:  $305  per  acre.  No 
broadcast  burn  costs  incurred; 

for  YUM  (8-inch  material)  with  no-burn:  $700  per  acre.  No 
broadcast  burn  costs  incurred;  and 

after  broadcast  burning,  hoedad  planting  at  $100  per  acre. 

The  $120  and  $130  planting  costs  for  the  two  YUM  alternatives 
were  estimated  using  the  (previously  mentioned)  average  cost  of 
$100  per  acre  for  broadcast  burned  units,  and  a  $228  per  acres 
f igure  from  an  Oregon  Bureau  of  Land  Management  planting 
contract,  where  planting  took  place  in  a  unit  with  65  tons  of 
slash  per  acre. 

In  unburned  units,  fire  hazard  is  greater  for  the  first  10  years.  How 
long  this  increased  hazard  persists  depends  on  the  vegetation  that 
develops  on  the  site.     The  amount  of  time  can  vary  from  5  to  15  years 
for  various  brush  species.     If  grass  invades  the  site,  the  time  can  be 
as  little  as  2  or  3  years. 

After  10  years,  young  trees  and  brush  create  a  high  fire  hazard, 
regardless  of  earlier  treatment.    Brush  and  grass  act  as  a  fuel  ladder 
to  carry  ground  fire  up  into  the  crowns  of  young  trees. 

After  ^0  years,  the  fire  hazard  begins  to  decrease.     As  the  tree 
canopy  closes,  it  shades  out  brush  and  grass.     In  addition,  the  bark 
of  conifer  trees  starts  to  become  fire  resistant,  especially  in 
Douglas-fir  and  Ponderosa  pine.     Also,  fire  hazard  is  a  function  of 
the  amount  of  large  fuels  on  the  site.     YUMing  reduces  large  fuels  and 
reduces  fire  hazard  compared  to  sites  where  the  material  is  left. 
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Average  seedling  survival  is  estimated  to  be  greater  than  90  percent 
in  both  burned  and  unburned  units. 

Economics     (Least  Cost  Analysis):  cost  savings  are  in  todays  dollars,  therefore 
discounting  does  not  enter  the  analysis.     Since  both  no-burn  alternatives 
result  in  less  fire  hazard  over  the  rotation  and  equal  tree  survival  (compared 
with  the  baseline  alternative) ,  the  measure  of  economic  efficiency  is  the 
least-cost  alternative  (table  6). 


Table  6.  Comparing  costs  for  three  alternatives  of  slash  treatment. 


Activity 


Broadcast  Burn  and 
Protect  SMZ 


YUM  15"+ 
no-burn 


YUM  8"+ 
no-burn 


Broadcast  burn, 
including  slash 
hand  lines  and 
mop  up. 

SMZ  protection 

YUM,  fell  hardwood, 
lop  and  scatter 

Planting  cost  

Totals 


350 


450 


100 
900 


■Dollars  per  acre- 


305 

130 
435 


700 

120 
820 


In  addition  to  reduced  cost,  other  nonpriced  benefits  can  be  attributed  to  the 
no-burn  alternative.     YUM  will: 

1.  make  more  fuel  wood  available; 

2.  protect  highly  erodible  soils  form  direct  rainfall  and 
runoff  impacts; 

3.  assure  that  site  preparation,  planting,  and  survival 
objectives  will  be  met; 

4.  meet  air  quality  standards; 

5.  meet  water  quality  standards; 

6.  allow  planting  during  the  first  season  after  harvest; 

7.  minimize  sprouting  of  fire-dependent  species; 

8.  allow  more  flexibility  in  selecting  the  shape  of  the 
harvest  unit  (as  fire  behavior  considerations  will  not  have 
to  dictate  unit  shape) ; 

9.  increase  assurance  of  saving  snags  for  wildlife;  and 

10.  distribute  the  workload  throughout  the  year,  reducing 
the  fluctuation  in  personnel  needs. 


Conclusions : 


Yarding  of  unmerchantable  material  is  a  more  cost-effective  way  to 
assure  protection  of  streamside  management  zones.     It  protects  soil 
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productivity  and  prevents  soil  erosion  and  sedimentation,  while 
reducing  fire  hazards  and  allowing  rapid  establishment  of  seedlings  on 
clearcuts.     Broadcast  burning  is  more  costly,  and  imposes  greater 
risks  for  streamside  management  zones  during  burning  operations. 

Soil  scientists  and  hydrologists  provide  a  way  to  mitigate  the  impacts 
on  the  soil  and  water  resource,  saving  money  in  the  process. 

Ref  erences ; 

Fir  Report,  winter  I986.    Planting  seedlings  in  slash.     Oregon  State 
University    Extension  Service,  Medford  Oregon. 


Glines  John  and  Jeff  Bryant,  I986.     Situation  statement  of  fuel  management  on 
the  Hayfork  Ranger  District,  Shasta  Trinity  National  Forests.     Presented  at 
a      management  team  meeting,  summer  I986. 
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Example  6:  Title:  Erosion  Control/Restoration  Project,  Plumas  National  Forest, 
California. 

Source :     Based  on  Poco  Creek  Restoration  Project,  Beckwourth  Ranger  District, 
Plumas  National  Forest  (I987).     Bob  Schultz,  Hydrologist. 

Problem : 

During  the  preliminary  site  examination  of  a  proposed  I987  timber 
sale,  a  3i400  acre  watershed  within  the  sale  area  was  found  to  contain 
severe,  active  gully  erosion  caused  by  past  overgrazing  and  numerous 
deep  cow  paths.     The  stream  below  has  a  very  unstable  channel.  To 
large  headcuts  (eight  and  eleven  feet  in  height)  have  advanced 
upstream  nearly  1,200  feet,  leaving  a  gully  15  feet  deep  and  40  to  80 
feet  wide. 

Off -site  impacts  include  reservoir  sedimentation,  and  water  quality 
and  fish  habitat  degradation.     Additional  on-site  degradation  is 
expected  as  the  headcuts  progress  into  and  destroy  a  20-acre  wet 
meadow . 

Soil  and  Water 
Involvement : 

The  timber  sale  plan  called  for  harvest  of  310  acres  in  this 
watershed.     The  forest  hydrologist  analyzed  the  situation  and  judged 
that  increased  peak  flows  resulting  from  harvest  would  significantly 
accelerate  headcut  advancement  and  lateral  cutting,  resulting  in 
unacceptable  degradation  of  on-  and  off-site  values.  An 
interdisciplinary  team  and  the  District  Ranger  concurred  with  this 
assessment. 

Approaches 
to  Solution: 

Harvesting  the  scheduled  timber  sale  without  some  adjustment  was 
excluded  as  a  viable  choice.     Two  viable  alternatives  were  considered: 

1)  Eliminate  all  grazing  and  other  damaging  activity  from  the 
watershed,  and  postpone  harvesting  the  three  million  board  feet  for  20 
years.  These  actions  would  give  the  area  time  to  adequately  heal  and 
stabilize. 

2)  Construct  a  series  of  rock  check  dams  in  the  existing  gully  raising 
the  channel  bottom  to  maintain  a  maximum  4  percent  gradient  between 
check  dams.     All  fill  material  would  be  of  sand-gravel  filter  quality. 
To  stabilize  the  cow  paths  and  the  gully,  fence  cattle  out  of  the  area 
containing  the  deep  cow  paths,  and  also  out  of  the  area  around  the 
check  dams. 

Rationale : 

The  first  alternative,  eliminating  grazing  and  postponing  the  harvest 
cut,  would  have  four  easily  quantifiable  costs: 


39 


a)  the  cost  of  postponing  the  harvest  of  3-014  million  board  feet 
($1,293,000  at  a  weighted  stumpage  value  of  $429/MBF)  for  20 
years ; 

b)  the  cost  of  dredging  a  downstream  reservoir  of  the  continuing 
(though  declining)  sedimentation  ($30,000  in  the  year  1990  and 
$190,400  in  the  year  2015); 

c)  the  cost  of  relocating  a  short  segment  of  road  (in  1992)  that 
will  be  threatened  by  the  gully  erosion  ($2,500);  and 

d)  the  cost  of  reconstructing  an  existing  check  dam  in  1995  that 
will  be  destroyed  by  the  gully  erosion  ($20,000). 

This  alternative  will  cause  other  associated  value  losses  related  to 
grazing  and  fisheries.     However,  grazing  losses  will  be  minimal 
compared  to  the  costs  already  quantified,  and  quantifiable  fishery 
costs  are  not  currently  available. 

The  second  alternative,  constructing  erosion  control  check  dams,  will 
cost  an  estimated  $110,000,  including  project  planning  and  design, 
plus  the  following  yearly  maintenance  costs: 


3rd  -  20th  year  1,000 

This  alternative  will  solve  the  erosion  problem  within  a  year  of  it's 
completion,  including  any  accelerated  erosion  caused  on  the  watershed 
by  the  planned  harvest.  Under  this  alternative,  postponing  the  harvest 
is  not  necessary. 


1st  year 
2nd  year 


$5,000 
2,000 


Economics : 


The  costs  of  harvest  postponement  (alternative  1): 


Value  of  harvest  if  cut  today  (I987) : 


$1,293,000 


Value  of  harvest  if  postponed 
(discounted)  20  years  (at  4  percent) : 


$590,000 


Difference  in  present  value  (value  loss) , 
$1,293,000  -  $590,000: 


$703,000 


Costs  of  dredging  reservoir  in  1990  and  2015 

(discounted  to  the  present  at  k  percent) : 


$  90,500 


Cost  of  road  relocation  in  1992 

(discounted  to  the  present  at  4  percent) 


$  2,050 


Cost  of  reconstructing  check  dam  in  1995 

(discounted  to  the  present  at  4  percent) : 


$  l4,600 
$810,150 
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This  $810,150  is  the  potential  benefit  from  the  second  alternative,  which 
solves  the  erosion  problem  and  allows  an  unpostponed  harvest  cut. 


Costs  of  erosion  control  (alternative  2): 

Project  planning,  design  and  construction:  $110,000 
Present  value  of  annual  maintenance 

(discounted  at  4  percent)  I8 , 350 

$128,350 

Conclusions : 

The  present  cost  of  constructing  a  series  of  rock  check  dams  and 
maintaining  them  for  20  years  (alternative  2)  is  $128,350.     Opting  for 
this  alternative  saves  the  costs  of  waiting  20  years  for  nature  to 
heal  the  problem  as  outlined  under  alternative  1.    The  present  value 
of  these  savings:  $810,150. 

The  present  net  value  (PNV)  of  alternative  2  over  alternative  1 
is  $681,800. 

The  benefit-cost  ratio  (B/C)  of  alternative  2  is  6. 31  to  1.0. 

Assuming  that  all  cost  figures  are  true  and  correct,  and  that  no  major 
costs  have  been  overlooked,  there  is  no  doubt  that  constructing  the 
rock  check  dams  is  economically  a  better  choice  than  postponing  the 
harvest  cut. 
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Example  7:  Title:     Prevention  and/or  Restoration  of  Soil  Compaction 

Source :  Research  paper:  John  Helms'  study  of  soil  compaction  and  stand  growth 
on  the  Foresthill  Ranger  District,  Tahoe  National  Forest,  California.  March, 
1983. 

Problem ; 

Tractor  yarding  of  Ponderosa  pine  in  northern  California  causes 
significant  soil  compaction  of  skid  trails.     Trees  growing  on  or  near 
skid  trails  suffer  reduced  height  and  diameter  growth  over  the  next 
rotation,  thus  reducing  future  harvest  volume  and  value.     Are  there 
economical  harvest  systems  or  mitigation  measures  available  for 
reducing  soil  compaction  and  maintain  timber  growth  and  yields? 

Soil  and  Water 
Involvement : 

A  soil  scientist  can  generate  alternatives  for  preventing  or  reducing 
soil  compaction  and  negative  effects  on  tree  growth.     Aerial  extent  of 
the  compacted  ground  and  soil  bulk  density  measurements  can  be 
provided  by  a  soil  scientist.    Using  Froehlich's  (1984)  curve,  height 
growth  loss  can  be  estimated  from  the  percentage  increase  in  bulk 
density  over  natural  conditions. 

Approaches 
to  Solution; 

Two  alternatives  are  evaluated  for  reducing  or  eliminating  soil 
compaction  and  timber  volume/value  loss.     Alternative  1  is  to  replace 
tractor  yarding  with  cable  yarding.     Though  cable  yarding  is  more 
expensive  than  tractor  yarding,  the  reduction  in  volume/ value  loss 
over  the  next  rotation  may  offset  the  resulting  decreased  stumpage 
value  due  to  higher  yarding  costs. 

Alternative  2  is  to  use  tractor  yarding  followed  by  rehabilitation  of 
the  skid  trails  and  other  compacted  areas  using  a  winged  subsoiler 
ripper. 

Rationale : 

Average  logging  area  compacted: 

tractor  yarding:  a  goal  of  20  percent  compacted  ground  is  a 
reasonable  maximum  for  tractor  logging. 

cable  yarding:     area  compacted  by  cable  logging  was  set  at  2 
percent  based  on  a  logging  engineer's  estimate  of  width,  length, 
and  distance  between  cable  ways. 

tractor/ripping:  Andrus  and  Froehlich  (I983).  found  up  to  90 
percent  of  compaction  can  be  alleviated  by  making  one  pass  with  a 
winged  subsoiler.     (90  percent  of  the  20  percent  compacted  ground 
leaves  2  percent  of  the  ground  still  compacted. 
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Degree  of  compaction:     Helms  (1986)  found  uncompacted  soil  had  a  bulk 
density  of  .83,  and  compacted  soil  had  a  bulk  density  of  I.25. 
Because  no  equipment  is  on  the  ground,  cable  yarding  causes  less 
compaction,  thus  bulk  density  was  estimated  at  1.12  for  cable  logging. 

Height  growth  loss:    Froehlich  and  McNabb  (1984)  developed  a 
relationship  for  estimating  height  growth  loss  form  percent  increase 
in  soil  compaction.     For  example,  a  5I  percent  increase  in  soil 
density  translates  to  a  35  percent  decrease  in  height  growth. 

Weighted  height  growth  loss:    Because  the  productivity  loss  is 
associated  only  with  the  compacted  ground,  the  weighted  loss  is 
calculated  by  multiplying  the  percent  area  compacted  by  the  percent 
height  growth  loss. 

Resulting  site  index:  Site  index  is  reduced  to  reflect  the  loss  in 
productivity  attributed  to  compaction.     For  example,  a  site  with  an 
index  of  100  that  has  lost  7  percent  in  height  growth  results  in  a 
site  index  of  93-     Growth  and  yield  tables  are  use  to  estimate  wood 
volume  losses. 

Voltime  at  50  years  (cu.ft./ac):    From  yield  tables,  Oliver  and  Powers 
(1978).     Because  yield  tables  are  organized  for  even  increments, 
interpolation  of  the  yield  between  site  index  80  and  100  is  necessary 
(i.e.,  a  site  index  of  8O  at  50  years  (12  x  12  ft.  spacing)  yields 
7,472  ft.^.     A  site  index  of  100  yields  10,766  ft. 3. 

10,766  -  7,472  =  3,294  ft.^. 

3294/20  =  165  ft.^  per  site  index  point. 

Therefore,  in  the  tractor  example, -for  site  index  93: 
10,766  -[(165)(7)]=  9,611  ft.^. 

Cubic  foot  wood  value  -  logging  cost: 

In  the  draft  Forest  Plan  for  the  Shasta  Trinity  National  Forest, 
Ponderosa  pine  was  valued  at  $1.53  per  cubic  foot. 

A  logging  engineer  converted  costs  for  both  cable  and  tractor  methods 
were  converted  from  costs  per  thousand  board  feet  to  costs  per  cubic 
foot  of  wood. 

The  wood  value  for  each  logging  system  is  computed  by  subtracting  the 
logging  cost  from  the  wood  value.       (The  value  of  $.25  per  cubic  foot 
for  tractor  yarding  is  based  on  a  logging  cost  of  $50/thousand  board 
feet.     The  value  of  $.43  per  cubic  foot  for  cable  yarding  was  based  on 
$85/ thousand  board  feet  costs.) 

Value  at  50  years:  this  is  simply  the  cubic  wood  value  times  the 
volume  at  50  years. 

Resulting  benefit  {$/ac.):    This  is  a  comparison  of  values  for 
different  alternatives.     In  this  example,  both  cable  yarding  and 
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tractor  yarding  with  mitigation  are  compared  with  tractor  yarding 
alone.     These  values  are  the  "future  value"  used  in  the  economic 
analysis. 

Mitigation  cost:     Cable  logging  mitigation  is  reflected  in  the 
increased  logging  costs. 

Ripping  skid  trails  cost  $26.^0  per  acre  based  on  Andrus  and  Froehlich 
(1983).     This  is  based  on  costs  of  $132.00  per  acre  of  skid  trail, 
with  20  percent  of  the  ground  compacted,  i.e.,     $132  x  20%  =  $26.^0. 

Economics ;  Timber  resource  outputs  and  economics  of  each  logging  system  are 
compared  in  table  7« 

Table  J.  Comparison  of  logging  systems  on  growth  and  yields  and  economic 
benefits . 


Tractor 
yarding 


Cable 
yarding 


Tractor  + 
ripping 


Percent  area  compacted: 
Degree  of  compaction  (BD) 

Height  growth  loss 
( Froehlich 's  curve) 

Weighted  height  growth  loss 

Resulting  site  index 

3 

Volume  at  50  years  (ft.  /ac.) 
(Oliver  and  Powers) 

Yarding  cost  per  cubic  ft. 

Wood  value  -  logging  costs 
(per  cubic  foot) 

Value  at  50  years 

(Cu.  ft.  value  x  volume) 

Resulting  benefit  per  acre 

Mitigation  cost  per  acre 


20% 


2% 


.83--I.25  .83—1.12  .83--I.25 

(51?^  increase)     (35%  increase)   (51%  increase] 


35% 

.20(35)=  7% 
93.0 
9.611 

$.25 

$1.53  -  $.25 
=$1.28 

$12,302 


2h% 

,20(24)=  .5% 
99.5 
10,684 


$.43 

$1.53  -  $.43 
=  $1.10 

$11,752 


$-550 
$2,191 


35% 

.20(35)  =.7% 
99.3 
10,651 

$.25 

$1.53  -  $.25 
=  $1.28 

$13,634 

$1,332 
$26.40 


Internal  rate  of  return 
Present  net  value  (at  4%) 
Benefit/cost  ratio  (at  4%) 


$-2,268 
-28.3:1 


8.16  % 
$161.03 
7.1:1 


*    A  negative  value. 


Conclusions ; 
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The  cable  yarding  alternative  is  not  an  economically  viable  option  due 
to  high  yarding  costs  and  the  small  increment  of  increased  timber 
yield  at  the  end  of  the  rotation.     The  skid  trail  rehabilitation 
alternative  is  a  viable  option,  with  an  internal  rate  of  return  of 
8.16  percent  above  inflation. 

Discounted  at  any  real  rate  below  8.I6  percent,  this  alternative  will 
yield  a  positive  present  net  Value  and  a  benefit/cost  ratio  greater 
then  1.0.     Assuming  an  inflation  rate  of  3  percent,  this  alternative 
will  pass  both  the  Water  Resources  Council's  7-3/8  percent  return  rate 
and  the  Office  of  Management  and  Budget's  10  percent  return  rate. 
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Example  8:  Title:  Impact  of  Site  Preparation  On  Timber  Growth  and  Yields 

Source :  George  E.  Dissmeyer  and  Bennett  Foster,  Soil  Water  and  Air,  and 
Cooperative  Forestry,  Southern  Region,  Atlanta,  Georgia 

Problem ; 

The  way  a  site  is  prepared  for  tree  planting  can  significantly  affect 
soil  productivity  and  timber  growth  and  yields.     Site  preparation 
practices  that  compact  the  soil,  remove  forest  litter,  and  remove 
nutrients  adversely  impact  soil  productivity. 

Soil  and  Water 
Involvement : 

Soil  scientists  review  site  preparation  prescriptions  and  recommended 
treatments  to  conserve  soil  productivity.     Soil  scientists  have 
trained  foresters  employed  by  the  Forest  Service,  the  states,  and 
industry  in  the  basics  of  soil  and  water  conservation.  They 
demonstrated  that  this  pays  dividends  in  increased  timber  growth  and 
yields.     As  a  result,  there  is  a  growing  trend  in  using  site 
preparation  practices  that  conserve  soil  productivity. 

Solution: 

A  large  proportion  of  site  preparation  in  the  South  is  done  using 
shearing  and  windrowing  or  bulldozing  and  windrowing.     Research  on  the 
impacts  of  these  practices  on  timber  growth  and  yields  showed  that 
they  reduced  site  index  by  as  much  as  ik  feet,  compared  to  soil 
conserving  practices.     Soil  and  water  specialists  utilized  training, 
project  reviews,  and  other  methods  to  get  this  message  to  foresters. 
Many  foresters  had  the  same  concerns,  and  were  quick  to  employ  better 
site  preparation  practices. 

Rationale : 

Dissmeyer  {I985)  summarized  the  principles  of  soil  productivity  and 
the  impacts  of  site  preparation  on  soil  productivity  and  timber 
yields . 

Research  on  the  impacts  of  site  preparation  on  soil  productivity  has 
demonstrated  that  site  index  can  be  reduced  by  as  much  as  l4  feet  by 
treatments  that  remove  topsoil,  remove  litter  and  compact  the  soil. 
For  the  purposes  of  this  example,  shearing  and  windrowing  was  compared 
with  chopping  and  burning. 

The  growth  difference  between  treatments  was  assigned  a  conservative  5 
feet.     Patterson  (1984)  used  the  5  foot  difference  in  his  analysis  of 
growth  and  yield  differences  for  loblolly  pine.     Patterson  data  is 
reported  in  this  example. 


Economics :  Patterson  used  a  site  index  of  70  feet  for  chopping  and  burning 
(table  8),  and  65  feet  for  shearing  and  windrowing  (table  9)-     He  used  a  growth 
and  yield  model  to  predict  the  differences  in  productivity  for  a  36-year 
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rotation  with  600  trees  per  acre.     Stumpage  prices  used  were  $10  per  cord  of 
pulpwood  and  $100  per  1,000  board  feet  of  sawtimber.     A  4  percent  discount  rate 
was  used. 


Table  8.  Alternative  1.  Site  preparation  with  chopping  and  light  burn. 


10.2  Cords 
5.3  Cords  & 

1,600  Bd.  Ft. 
2.5  Cords  & 

9.541  Bd.  Ft. 


Year 

Description 

$  Amount/Acre 

1984 

Site  prep  &  planting 

cost  $120 

1999 

Thinning  income 

102 

2010 

Thinning  income 

213 

2020 

Final  harvest  income 

979 

Internal  rate  of  return:  8.1  percent. 
Present  net  value  (at  4  percent):  $252. 
Benefit/cost  ratio  (at  4  percent):  3-1  to 


1.0, 


Table  9*  Alternative  2.  Site  preparation  with  shearing  and  windrowing. 
Year      Description  $  Amount /Acre    Wood  Volume/Acre 

1984      Site  prep  &  planting  cost  $170 

1999      Thinning  income  73  7.3  Cords 

2010      Thinning  income  134  9.6  Cords  & 

377  Bd.  Ft. 

2020      Final  harvest  838  3-5  Cords  & 

 8,029  Bd.  Ft. 

Internal  rate  of  return:  5-8  percent. 

Present  net  value  per  acre  (at  4  percent):  $123. 

Benefit/cost  ratio  (at  4  percent):  I.72  to  1.00. 


Conclusions : 


Investing  $50  per  acre  more  in  preparing  the  site  with  shearing  and 
windrowing  reduced  the  present  net  value  by  $129  per  acre,  compared  to 
chopping  and  burning. 

Shearing  and  windrowing  reduced  the  rate  of  return  from  tree  growth  by 
2.3  real  percentage  points,  and  reduced  the  Benefit/Cost  Ratio  from 
3.10  to  1.00  to  1.72  to  1.00.     The  5  foot  decrease  in  site  quality 
resulted  in  less  sawtimber  and  more  pulpwood  per  acre. 

Conversely,  maintaining  site  quality  by  employing  chopping  and  burning 
yielded  larger  trees  and  more  valuable  products. 
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Example  9-  Title;     Forest  Fertilization 

Source :    Ken  Luckow,  Modoc  National  Forest,  Timber  Stand  Nutrient  Status 
Inventory,  March,  I986. 

Problem ; 

Soil  and  foliar  analysis  revealed  that  most  true  fir  and  many 
Ponderosa  pine  stands  on  the  Modoc  National  Forest  in  northeastern 
California  are  deficient  in  nitrogen.     Also,  many  of  these  stands  are 
deficient  in  sulfur.     Because  of  these  nutrient  deficiencies,  stands 
grow  more  slowly,  reducing  future  harvest  volume  and  value. 

Soil  and  Water 
Involvement : 

Using  preliminary  guidelines  developed  for  fertilizing  California 
forests  (Miles  and  Powers  1983) ;  the  soil  scientist  and 
silviculturists  on  the  Modoc  National  Forest  prioritized  and  sampled 
over  50  timber  stands  for  soil  and  foliar  nutrient  content. 

These  stands  represented  many  of  the  Benchmark  timber/soil  types  on 
the  Modoc  National  Forest.     Mineralizable  soil  nitrogen  was  used  to 
predict  the  percent  response  to  fertilization.     Nitrogen  and  six 
macro-nutrients  were  analyzed  in  the  foliage  samples  to  help  verify 
the  soil  nitrogen  test,  and  to  determine  possible  secondary  nutrient 
deficiencies . 

Using  the  soil  resource  inventory,  stand  record  cards,  and  other 
on-site  timber  information  and  abiotic  factors,  the  soil  scientists 
and  silviculturists  determined  basal  area,  average  DBH,  age  of  stand, 
timber  site  class,  and  cubic  feet  of  standing  wood  volume. 

Approaches 
to  Solution; 

Determining  if  forest  fertilization  is  economically  viable:     for  the 
purposes  of  this  example,  candidate  timber  stands  had  to  be  within  20 
years  of  a  commercial  thinning,  or  40  years  of  final  harvest. 

The  sooner  a  harvest  follows  the  effective  period  of  fertilization, 
the  greater  the  economic  return.     Timber  stands  selected  were 
primarily  pole-  to  young  saw  timber  size,  precommercially  thinned 
Ponderosa  pine  or  white  fir.     Growth  response  induced  by  fertilization 
was  estimated  using  nutrient  status  information  and  Meyer  and 
Schumacher  site  index  and  volume  tables. 

Rationale ; 

Break-even  analysis  was  used  to  evaluate  the  economics  of  investments 
in  forest  fertilization  using  a  4  percent  real  interest  rate  (Fight) . 
In  this  example,  the  break-even  point  is  a  break-even  year--where  the 
number  of  years  the  stand  could  grow  for  the  fertilization  investment 
to  be  equal  to,  or  break-even  with,  the  4  percent  discount  rate. 
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If  the  stand  were  harvested  before  that  time  the  investment  would  pay 
more  than  4  percent.     If  the  stand  were  harvested  after  that  time,  the 
investment  would  pay  less  than  4  percent. 

In  the  Modoc  National  Forest  Plan  the  stumpage  value  for  a  cubic  foot 
of  white  fir  is  $.75.  and  $1.27  for  a  cubic  foot  of  Ponderosa  pine. 

Foliar  macro-nutrient  analysis  indicated  that  sulfur  was  a  commonly 
deficient  nutrient  on  the  Modoc  National  Forest.     Thus,  all  forest 
fertilization  projects  would  include  a  combination  of  nitrogen  plus 
sulfur  fertilizer.     The  cost  was  $75  pei"  acre. 

Economics :     From  table  10,  all  four  stands  will  result  in  favorable 
fertilization  investments.     The  highest  priority  stand  with  the  most  favorable 
investment  return  is  stand  #24  followed  by  #29,  #4l,  and  #8. 

Stand  #24  ranks  highest  because  it  generates  the  greatest  increase  in  value 
($617)  and  can  be  harvested  in  five  years,  since  it  is  larger  than  the  minimum 
required  DBH  for  harvesting.     In  addition,  the  rate  of  return  for  stand  #24 
will  not  drop  below  the  4  percent  rate  for  53  years,  indicating  that  its  rate 
of  return  is  rather  large. 

Stand  #29  ranks  second  in  priority  because  it  can  also  be  held  for  53  years 
before  its  rate  of  return  will  drop  below  4  percent.     However,  it  generates 
slightly  less  increase  in  value  ($6lO).     There  is  a  10  year  wait  until  it 
reaches  a  minimum  standard  DBH  for  harvesting. 

Stand  #8  is  given  the  lowest  priority,  even  though  it  generates  a  greater 
increase  in  value  ($300)  than  stand  #4l  ($236) .     The  reason  is  that  it  will  be 
20  years  before  the  stand  reaches  the  minimum  DBH  for  harvesting,  compared  to 
10  years  for  stand  #4l. 
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Table  10.     Economic  comparison  of  k  candidate  timber  stands  for  fertilization. 

Stand  #24      Stand  #4l      Stand  #8    Stand  #29 

A.  Species  P.  Pine*         P.Pine         W.  Fir**      W.  Fir 

B.  Site  index  (Meyers--P.  Pine;  90  80  40  50 
Schumacher- -W. Fir) 

C.  Basal  Area  (ft.^)  120  115  HO  200 

D.  Average  DBH  (inches)  15  10  8  11 

E.  Stems  per  acre  100  210  315  300 

F.  Average  Age  (Years)  70  80  80  70 

G.  Current  Stand  Volume  (ft^)  2,800  2,2kl  1,733  4,500 

H.  Projected  Unfertilized^Stand 

Volume  Next  Decade  (ft^)  4,l88  3,480  2,964  6,534 

(Meyers  1938) 

I.  10  Year  Volume  Increment  (ft^)  1,388  1,239  1,231  2,034 

J.     Predicted  5  year  Volume 

response  to  Fertilization  (  percent) 

(Miles  &  Powers  I983)  35  15  33  40 

K.     5-year  volume  response  ^ 

Due  to  Fertilization  (ft^)  486  I86  400  8l4 

L.    Wood  Value  Per  ft^  $1.27  $1.27  $.75  $-75 

M.     Added  Value  from  Fertilization        $6l7  $236  $300  $6lO 

N.     Fertilization  cost/acre  $75  $75  $75  $75 

0.     Economic  break-even  Year 

(at  4  percent  real  interest  rate)  53-5  29  35 

53.5 

P.     Years  to  Reach  Merchantable  Size 

if  Fertilized  0  10  20  10 

Internal  rate  of  return:  ^2.k%  12.2%  7.2%  23.3/0 

Present  net  value  (at  4  percent) :     $432.13  $84.43         $61.92  $337.09 

Benefit/cost  ration  (at  4  percent):      6.76  2.13  I.83  5.49 

Priority:  1  2  4  2_ 

*  P.  Pine  is  Pondersa  pine. 
**  W.  Fir  is  white  fir. 
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Conclusions : 

These  conclusions  have  been  reached  to  a  significant  degree  using 
intuitive  reasoning.     However,  their  validity  can  be  shown  using  the 
following  quantitative  methodology: 

Priority  1:     Stand  #24  generates  its  $6l7  value  after  five  years, 
yielding  and  IRR  of  32  A  percent,  a  PNV  (4  percent)  of  $432.13, 
and  a  B/C  Ratio  {4  percent)  of  6.76  to  1.00. 

Priority  2:     Stand  #29  generates  its  $6lO  value  after  ten  years 
yielding  an  IRR  of  23.3  percent,  a  PNV  (4  percent)  of  $337-09, 
and  a  B/C  Ratio  (4  percent)  of  5-^9  to  1.00. 

Priority  3'     Stand  #  4l  generates  its  $236  value  after  ten  years, 
yielding  an  IRR  of  12.2  percent,  a  PNV  (4  percent)  of  84.43,  and 
a  B/C  Ratio  (4  percent)  of  2.13  to  1.00. 

Priority  4:     Stand  #8  generates  its  $300  value  after  20  years, 
yielding  an  IRR  of  7.I8  percent,  a  PNV  (4  percent)  of  $61.92,  and 
a  B/C  Ratio  (4  percent)  of  I.83  to  1.00. 

An  additional  economic  benefit,  which  has  not  been  discussed 
here,  is  the  shortening  of  the  rotation  period  for  growing  trees 
to  a  target  size.     It  has  been  calculated  that  the  use  of 
fertilization  one  or  more  times  can  shorten  the  rotation  period 
by  one  or  more  decades.    This  would  have  a  very  favorable 
economic  effect,  considering  all  costs,  from  plantation 
establishment  to  final  harvest. 
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Example  10:  Title:     Bedding  and  Phosphorus  Fertilizing  Loblolly  Pine  Plantations 

Source ;     Drawn  largely  from  Gent,  J. A.,  Jr.,  H.L.  Allen,  R.G.  Campbell,  and  C.G. 
Wells.     1984.     Magnitude,  duration;  and  economic  analysis  of  loblolly  pine 
growth  and  response  Following  bedding  and  phosphorus  fertilization.  NCSFFC 
Report  No.  17 •     School  of  Forest  Resources,  N.C.  State  University,  Raleigh.  28p. 

Problem : 

Many  forest  soils  of  the  lower  coastal  plain  of  the  Southeast  U.S.  are 
poorly  drained  and  extremely  deficient  in  phosphorus.    The  poorest 
soils  have  site  indices  around  55  (50-year  base) .     On  25-year 
rotations,  these  sites  yield  about  I8  cords  per  acre.     At  stumpage 
prices  of  $15  per  cord  and  regeneration  costs  of  $100  per  acre,  these 
sites  barely  yield  a  minimum  acceptable  return  of  k  percent. 

Soil  and  Water 
Involvement : 


Soil  scientists  suggest  modifying  the  site  physically  to  improve  soil 
aeration  by  bedding  and  to  modify  the  site  chemically  with  phosphorus 
fertilizer.     Bedding  is  the  continuous  piling  of  soil  into  mounds  3  to 
4  foot  wide  and  4  to  8  inches  high.     Seedlings  planted  on  top  of  these 
mounds  are  raised  above  ground  water  level,  and  natural  soil  fertility 
is  concentrated  in  the  area  where  they  are  planted. 

Research  has  demonstrated  that  this  combination  of  treatments  on  these 
lower  coastal  plain  soils  significantly  improves  timber  growth  and 
yields . 

Approaches 

to  Solution:     Bed  and  fertilize  to  prepare  soil  for  tree  planting. 
Rationale : 

Research  has  documented  height  growth  responses  ranging  from  8  to  I5 
feet  greater  than  on  untreated  sites.     Height  growth  increase 
responses  translate  directly  into  increases  in  site  index. 

Bedding  one  year  before  planting  adds  about  $40  per  acre  to  the  site 
preparation  cost.     Phosphorus  fertilization  (300  lbs. /acre)  adds  about 
$25  per  acre  to  the  cost  of  pleinting. 

Stumpage  values  in  the  Southeast  U.S.  range  from  $10  to  $25  per  cord, 
depending  on  the  market.  A  conservative  average  value  of  $15/cord  is 
assumed  for  purposes  of  this  example. 

The  following  table  contains  the  loblolly  pine  volume  yields  from 
various  site  indexes,  based  on  an  average  of  various  yield  tables  in 
current  use  in  the  area. 
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Tot.  vol.  Tot.  vol.  per  Tot.  vol.  per 
S.I.      per  acre  acre  from  10  Vol.  acre  from  15  Vol. 
(year  50)  untreated  ft.  ht.  increase  increase  ft.  ht.  increase  increase 
 (cords)  (cords)   (cords)  (cords)   (cords) 

55           18  33  15  39  21 

60           23  36  13  4l  18 

65  ^0  kl  11  4^  15 


Economics ;  The  table  below  displays  increased  future  values  per  acre  of  pine 
when  a  site  that  has  been  bedded  and  fertilized. 


Site  index  changes  of  10  and  15  units  (feet)  are  shown. 
Bedding  costs  are  $40/acre. 

Fertilization  at  the  time  of  planting  costs  $25/acre. 
Current  value  of  stumpage  is  $15/cord. 


Inflation  assumed  to  affect  all  values, 
those  over  and  above  inflation. 


Therefore,  changes  reflected  are  only 


Bedding  cost  ($40)  is  incurred  in  year  0;  fertilization  cost 
($25)  is  incurred  in  year  1;  and  value  increases  in  year  26.  The 
alternative  rate  of  return  (discount  rate)  is  k  percent. 


10  Foot  Increase  in  Site  Index 


Value  incr. 
due  to  a 

10  ft.  incr. 
disc,  rate 
S.I.        in  S.I. 


55 
60 

65 


$225 
195 
165 


Econ.  return  on 

$65  cost  incr. 

at  4  percent  disc, 


15  Foot  Increase  in  Site  Index 
Vol.  incr.  Econ.  return  on 

due  to  a  $65  cost  incr. 

rate        |  15  ft.  incr.      at  4  percent 


IRR 


PNV 


B/C 


4.96^  $17.12  1.27 
4.38^  6.30  1.10 
3.70%      -4.52  0.93 


in  S.I, 


IRR 


PNV 


B/C 


$315 
270 
225 


6.35%  $49.58  1.77 
5.71%  33.35  1.52 
4.96^        17.12  1.27 


Conclusions : 


Apparently,  lower  site  soils  respond  better  to  bedding  and  phosphorus 
fertilization.     If  land  with  a  site  index  of  65  or  above  responds  with 
only  a  10- foot  height  increase,  the  treatment  does  not  pay. 

Bedding  and  fertilizing  sites  with  site  indices  of  55  to  65  are 
justified  if  this  action  results  in  15-foot  height  growth  increases. 
The  treatment  is  not  justified  if  only  a  5"foot  height  growth  increase 
results . 
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Example  11:  Title:  Timber  Species  Selection  for  Sandhill  Region  of  Florida 

Source :  The  example  is  based  on  "Options  for  Management  of  Sandhill  Forest 
Land,"  a  paper  by  R.  H.  Brendemuehl.  The  paper  compares  height  growth  and 
survival  of  several  timber  species  grown  on  deep  sand  soils. 

Kenneth  W.  Outcalt,  Southeastern  Forest  Experiment  Station,  Olustee,  Florida, 
supplied  unpublished  height  growth  and  volume  equations  for  sand  pine. 

David  Belcher,  Southern  Region,  Atlanta,  Georgia,  projected  timber  growth  and 
yield  data  using  the  Southern  Region  Growth  and  Yield  System  {yet  to  be 
published) . 

Olen  E.  Aycock,  Southern  Region,  Atlanta  provided  cost  and  product  value  data 
used  in  the  analysis. 

Species  recommendations  are  based  upon  soil  interpretations  presented  in  the 
"Guide  to  Classification  and  Management  of  Southeastern  Coastal  Plain  Forest 
Soils",  prepared  by  the  Cooperative  Research  in  Forest  Fertilization  (CRIFF) 
organization  at  the  University  of  Florida  (Comerford  and  Mollitor  1982). 

Problem: 

Deep,  droughty  sand  soils  occupy  a  significant  area  of  the  Sandhill 
Region  of  the  southern  Coastal  Plain.     Planting  the  wrong  species  of 
trees  (slash  or  loblolly  pine)  on  these  soils  has  resulted  in  wasted 
investments  in  site  preparation  and  planting  costs,  because 
plantations  of  these  species  quit  growing  and  die  before  they  produce 
commercially  valuable  products. 

Soils  data  and  interpretations  were  not  used  in  selecting  the 
appropriate  species  for  deep  sands.     These  sands  are  over  six  feet 
deep  and  have  very  low  nutrient  reserves .     Sand  and  longleaf  pine  are 
the  recommended  species  for  deep  sands. 

Soil  and  Water 
Involvement : 

Soil  scientists  classify  and  map  soils,  and  make  species  suitability 
recommendations  for  each  soil  based  upon  guidelines  such  as  Comerford 
and  Mollitor  (I982).     Soil  scientists  provide  training  in  identifying 
these  deep  sands  in  the  field,  and  in  using  soil/species  suitability 
guidelines . 

Approaches 
to  Solution: 

Soil  scientists  can  continue  to  map  soil,  make  species  suitability 
recommendations  and  provide  training.     On  National  Forests,  they  can 
participate  in  and  review  timber  prescriptions  for  soil/species 
suitability. 


Rationale: 
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Comerford  and  Monitor's  (I982)  guide  recommends  planting  sand  or 
longleaf  pine  on  deep  sands.     Slash  pine  is  not  recommended,  but  has 
been  planted  here  and  produced  no  return  to  the  landowner.     After  I5 
years,  slash  pine  growth  rate  is  retarded.     The  landowners  recognized 
they  made  a  mistake  in  establishing  slash  pine. 

In  this  example,  the  15-year  old  slash  pine  is  destroyed,  and  sand 
pine  is  planted  and  grown  to  a  35-year  pulpwood  rotation.     Because  the 
slash/sand  pine  scenario  covers  50  years,  it  can  not  be  directly 
compared  to  70  year  scenarios  for  sand  pine  and  longleaf  pine. 

Economics :  Two  pulpwood  rotations  for  sand  pine  were  compared  to  one  sawlog 
rotation  for  longleaf  pine  (table  11).  The  pulpwood  rotations  were  35  years 
and  the  sawlog  rotation  was  70  years. 

Both  species  are  recommended  for  these  soils.    Both  were  established  (at  5OO 
trees  per  acre)  using  site  preparation. 

Sand  pine  is  established  after  scarification  and  spot  seeding,  at  a  cost  of  $50 
per  acre.     Longleaf  pine  requires  intensive  site  preparation  to  reduce 
competition  and  to  facilitate  machine  planting.     To  establish  longleaf  pine, 
shearing,  windrowing,  and  disking  are  performed,  followed  by  machine  planting. 
The  cost  for  establishing  longleaf  pine  is  $220  per  acre.     The  cost  for  soil 
scientist  input  for  the  project  is  $5  per  acre. 

Sand  pine  is  grown  for  35  years,  then  harvested  without  any  thinnings.  Revenue 
from  each  harvest  is  $l,6l9  per  acre,  with  sale  administration  costs  of  $15  per 
acre. 

Longleaf  pine  receives  two  thinnings :  one  precommercial  thinning  at  age  25  at  a 
cost  of  $50  per  acre;  and  a  commercial  thinning  (with  a  stumpage  value  of  $593 
per  acre  and  administrative  costs  of  $l8  per  acre)  at  age  40. 

The  stumpage  value  of  longleaf  pine  at  final  harvest  is  $2,476  per  acre,  with 
an  administrative  cost  of  $15  per  acre.     Sawtimber  stumpage  was  valued  at  $125 
per  thousand  board  feet,  and  pulpwood  stumpage  at  $35  per  cunit  (CCF) . 

Brendemuehl ' s  (I98I)  data  was  used  to  project  height  growth  differences  between 
species  and  tree  mortality.    Brendemuehl  reports  that  sand  pine  was  50  feet 
tall  at  25  years  and  longleaf  was  3^  feet.    These  height/age  data  points  were 
entered  into  the  Southern  Region  Growth  and  Yield  System  to  estimate  growth  and 
yields  for  the  two  species. 

On  first  impression,  it  would  appear  more  economical  to  grow  sand  pine  on 
pulpwood  rotations  than  to  manage  for  longleaf.     National  Forests,  however, 
manage  timber  for  more  than  just  wood  fiber.     Forests  are  also  directed  to 
manage  for  other  benefits,  including  wildlife,  aesthetics,  and  recreation. 

Managing  longleaf  pine  over  the  length  of  a  sawlog  rotation  provides  these 
resource  opportunities,  while  sand  pine  grown  for  pulpwood  will  not. 

For  a  complete  comparison  of  the  benefits  of  managing  each  species  on  National 
Forests,  the  cost  of  management  and  the  value  of  rare  and  endangered  species, 
wildlife,  aesthetics,  and  recreation  of  each  situation  would  need  to  be 
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considered.     However,  for  private  and  industry  ownerships,  the  strictly 
economic  comparison  might  be  valid.     Here,  sand  pine  would  provide  greater 
economic  returns  to  the  landowner. 


Table  11.  Economic  analysis  of  growing  sand  and  longleaf  pine  in  deep  sands. 


sand  pine 

longleaf  pine 

Year 

Description 

Cost 

Income 

Description 

Cost 

Income 

$/Ac 

$/Ac 

$/Ac 

$/Ac 

0 

Soils  input 

Site  prep.  &  seed 

5 
50 

Soils  input 

Site  prep.  &  plant 

5 

220 

25 

Precommercial  thin. 

50 

35 

Sale  administration 
Clearcut 

(4,625  cu.  ft.) 
Site  prep.  &  seed 

15 
50 

1,619 

40 

Commercial  thinning 
(1,694  cu.  ft.) 
Sale  administration 

18 

593 

70 

Sale  administration 
Clearcut 

(4,625  cu.  ft.) 

15 

1,619 

Sale  administration 
Clearcut 

(19,391  bd.ft.) 

(&  148  cu.ft.) 

15 

2,476 

Internal  rate  of  return: 
Present  net  value  (at  k%) 
Benefit/cost  ratio  (@  k%) 

10.1% 
:  $442 
:  7.1  to 

1.0 

Internal  rate  of  return:  4 
Present  net  value  (at  k%) : 
Benefit/cost  ratio  (at  ^%) 

$34 

:  1.14  to  1 

Planting  Slash  Pine  Off-site  on  Deep  Sands 

Planting  the  wrong  species  on  these  deep  sands  and  later  discovering  the  mistake 
gives  a  different  economic  result.     It  is  improper  to  make  a  direct  comparison 
between  this  analysis  and  the  above  analyses,  because  the  time  frames  are 
different  and  can  lead  to  misinterpretation. 

Many  private  and  industrial  landowners  planted  slash  pine  on  deep  sands,  only  to 
discover  after  15  years  that  they  have  made  a  serious  mistake — the  plantations 
have  stopped  growing  and  are  disintegrating. 

Many  owners  chose  to  destroy  the  slash  pine  and  replant  with  sand  pine  (table 
12) .     Costs  associated  with  this  decision  include  carrying  the  original 
investment  in  the  unproductive  plantations  for  15  years.     Also,  no  income  is 
received  when  the  plantation  is  destroyed.     Initial  site  preparation  to 
establish  slash  pine  often  employs  double  chopping,  fire  and  planting,  which 
costs  approximately  $175  per  acre. 
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Table 
slash 

12.  Economic  analysis  of  off-site  planting  of 
pine  followed  by  sand  pine 

Year 

Description 

Cost 

Income 

$/Ac 

$/Ac 

0 

Site  DreD .   &.  olantiner 
(Slash  pine) 

175 

15 

Site  prep.  &  planting 

(Destroy  first  plantation 
and  establish  sand  pine) 

100 

0 

50 

Sale  administration 
Clearcut  (4,625  cu.  ft.) 

15 

1.619 

Internal  rate  of  return:  3.95  percent 
Present  net  value  (at  k%)  -$4.82 
Benefit/cost  ratio  (at  k%) :  0.98  to  1.0 


When  the  first  plantation  is  destroyed,  the  site  is  prepared  for  the  sand  pine 
plantation.    The  example  assumes  that  first  stand  is  chopped,  burned,  and 
replanted  at  a  cost  of  $100  per  acre. 

Sand  pine  is  managed  on  a  35  year  pulpwood  rotation  when  it  is  clearcut, 
yielding  $l,6l9  per  acre  in  revenue  with  an  administrative  cost  of  $15  per 
acre.     No  thinnings  are  made  during  the  rotation. 

By  catching  the  mistake  at  age  15  and  reinvesting  in  sand  pine,  the  landowner 
essentially  breaks  even  on  his  investments.     If  he  had  not  changed  to  sand  pine, 
he  would  have  invested  in  slash  pine  and  received  very  little  or  no  return  on 
the  investment. 

Conclusions ; 

Soil  interpretations  for  tree  species  suitability  can  be  analyzed  for 
economic  returns.    The  species  selected  for  a  given  site  can  result  in 
significant  differences  in  income  to  the  landowner. 

Ref  erences ; 

Brendemuehl,  R.  H.  I98I.  Options  for  management  of  sandhill  forest  land.  South. 
J.  Appl.  For.  Vol.  5.  No.  3.  PS-  216-222. 

Comerford,  N.  B.  and  A.  V.  Mollitor.  I982.  Guide  to  classification  and 

management  of  southeastern  coastal  plain  forest  soils.  Cooperative  Research 
in  Forest  Fertilization,  Univ.  of  Fla. ,  Soil  Sci.  Dept.,  Gainesville,  Fla. , 
85pg. 
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Example  12:     Title:     Range  Management,  Sedimentation  and  Fisheries. 

Source;     Stanley  Basin  Analysis,  Sawtooth  National  Forest,  Sawtooth  National 
Recreation  Area,  I986. 

Problem: 

The  application  of  watershed  measures  to  reduce  sedimentation  of 
streams  that  are  used  by  fish  for  spawning  has  a  cost.    Often  the  cost 
is  the  only  issue  discussed  for  these  activities  with  little  attention 
to  the  values  that  result.    Though  the  costs  of  applying  these 
practices  can  be  computed,  the  resulting  values  are  often  difficult  to 
determine. 

Best  management  practices  for  activities  such  as  grazing,  road 
building  and  timber  harvesting  have  been  developed  through  experience 
and  research.    Models  have  been  developed  which  can  be  used  to  compare 
the  relative  difference  in  sediment  production  and  impacts  on  fish  for 
various  alternatives  {figure  1). 


Figure  1  a  conceptual  model  demonstrating  the  effects  of  sediment  on 
fish  populations. 


Soil  and  Water 
Involvement: 


Increasing  concerns  about  and  demands  for  anadromous  fisheries  has 
required  Forests  to  develop  or  consider  direction  in  their  Forest 
plans  that  would  coordinate  fisheries  with  other  resource  management. 

In  this  example,  to  reduce  sedimentation  and  induce  anadromous 
fisheries  outputs,  the  Sawtooth  National  Forest  developed  riparian 
standards  and  guidelines  for  a  grazing  allotment.    Field  data  relating 
estimates  of  sediment  on  the  streambeds  to  the  density  of  chinook 
salmon  and  steelhead  was  collected  for  stream  segments  in  grazed  and 
ungrazed  areas . 
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Approaches 

to  the  Problem: 

The  Forest  conducted  an  economic  analysis  showing  estimates  of 
increased  fisheries  output  associated  with  implementing  riparian 
standards  and  guidelines.     These  riparian  standards  and  guidelines 
include  soil  and  water,  fisheries,  wildlife,  and  recreation  values. 

Implementation  of  the  riparian  standards  and  guidelines  on  the 
allotment  required  either  a  reduction  in  the  number  of  Animal  Unit 
Months  (AUM's)  on  the  allotment  or  several  miles  of  fencing.  This 
reduction  would  improve  the  riparian  areas  and  reduce  sedimentation  of 
the  streams  resulting  from  surface  runoff  and  mechanical  breakdown  of 
stream  banks. 

Mathematical  models  exist  for  evaluating  various  alternatives  and 
sediment  mitigation  practices.     These  models  can  estimate  relative 
differences  in  amount  of  sediment  produced  by  the  activities,  and  the 
resulting  effects  on  fish  populations. 

The  following  formula  can  be  used  to  determine  the  reduction  in 
sediment  as  a  result  of  the  application  of  watershed  protection 
measures.     In  most  cases,  some  type  of  best  management  practice  would 
be  applied  to  management  activities.    Thus,  the  increase  in  benefits 
attributed  to  watershed  protection  should  be  related  to  those  measures 
which  exceed  the  minimum  applied  practices . 

+  SED  )]  =  reduced  sediment, 
m 

or  background  sediment. 

managed  sediment  from  development 
the  minimum  practices  should  be  assumed) . 

SED^    =  managed  sediment  through  application  of  BMPs 

A  variety  of  studies  have  been  done  to  determine  the  value  of  fish. 
While  studies  have  been  done  for  sport  fisheries,  studies  for 
commercial  fisheries  have  the  strongest  supporting  information.  This 
is  particularly  true  for  the  anadromous  salmon  fishery. 

The  following  information  on  the  value  of  salmon  was  developed  by  the 
American  Fisheries  Society  (see  Special  Publication  No.  13,  1982). 
Values  for  most  freshwater  game,  nongame,  and  commercial  species  are 
included  in  this  publication. 


[(BED    +    SED      ]  -  [SED 
n  mm  ^  n 


SED      =  natural 
n 


SED  =  minimum 
(application  of 
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Rationale : 

Supporting  information: 

1)  field  data  was  collected  from  both  grazed  and  ungrazed  stream 
reaches ; 

2)  sediment  sources:  overland  transport  and  mechanical  breakdown  of 
stream  banks; 

3)  alternatives  ranged  from  fencing  to  reductions  and/or  removal  of 
livestock; 

4)  induced  anadromous  fisheries  outputs  were  calculated  using  field 
data  for  both  chinook  salmon  and  steelhead;  and 

5)  cost  savings  included  the  reduced  need  for  structural  range  and 
watershed  improvements . 

Economics ;  Using  a  discount  rate  of  4  percent  over  the  20-year  project  period, 
implementation  of  this  alternative  reduced  AUM  value  by  $789,900  (a  cost). 

The  resulting  benefit  to  fisheries  was  $1,806,100,  based  on  an  increase  of 
61,^53  juvenile  chinook  salmon  and  2,866  steelhead  produced  after  sedimentation 
reductions  occurred.    Further  benefits  were  obtained  through  reduced 
investments  and  operational  costs  of  $1,891,300. 

The  benefit/cost  ratio  for  this  selected  alternative  is  17:1. 

Conclusions ; 

Implementation  of  forest  plan  standards  and  guidelines  that 
protect  water  quality  can  result  in  significant  economic  benefits 
from  the  fishery  resource.     It  is  significant  in  this  example 
that  the  economic  return  from  the  increased  fishery  output 
exceeded  the  benefits  derived  from  grazing. 

Considering  the  costs  necessary  to  mitigate  the  effects  of 
grazing,  it  would  be  difficult  to  justify  not  reducing  the  AUM's 
because  of  the  resulting  impacts  and  costs.     In  areas  where 
impacts  to  the  watershed  occur  due  to  grazing  activities, 
thorough  resource  and  economic  analyses  that  consider  the 
benefits  and  costs  of  the  alternatives  are  needed. 
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Example  13-     Title;     Rangeland  Renovation  -  Reduced  Erosion  and  Increased 
Forage 

Source :     Rangeland  Renovation,  McKenzie,  Grand  River,  and  Ashland  Ranger 
Districts,  Custer  National  Forest,  198^+. 

Problem : 

Runoff  from  some  types  of  badland  and  prairie  soils  carries  a  large 
volume  of  sediment.     In  the  past,  small  stock  watering  ponds  served  as 
catch  basins  for  this  sediment.     This  was  a  short  term  solution, 
however,  because  many  of  the  ponds  filled  with  sediment,  were 
eventually  overtopped,  and  washed  out. 

Areas  of  poor  range  condition  and  minimal  ground  cover  produce 
excessive  sediment.     Many  of  soils  in  this  example  have  a  thin  but 
very  dense  claypan  and  a  salty  surface  horizon.     This  greatly  reduces 
infiltration  of  precipitation  and  soil  moisture  available  for  plant 
growth.     Thus,  vegetation  growth  is  reduced  to  near  zero  and 
vegetative  cover  is  spotty. 

Any  solution  to  this  problem  needs  to  increase  infiltration,  available 
soil  moisture,  and  vegetative  cover,  while  reducing  runoff  and 
sediment  yields. 

Soil  and  Water 
Involvement : 

Some  areas  can  benefit  substantially  from  conversion  from  weed  species 
to  native  prairie  grasses.     Other  areas  have  soil  limitations  which 
reduce  or  preclude  growth  of  vegetation.     These  soils  occur  on  the 
"thin,  claypan  range  site"  as  described  in  northern  plains 
terminology.  For  sites  like  these,  a  soil  scientist  can  map  soils, 
make  soil  interpretations  to  evaluate  the  suitability  of  various 
rehabilitation  treatments,  and  recommend  suitable  vegetative  cover 
species. 

Approaches 
to  Solution: 

Breaking  up  the  claypan  layer  and  reducing  salt  concentrations  in  the 
surface  creates  soil  conditions  favorable  for  plant  growth.  Claypan 
prevents  percolation  of  salts  down  through  the  soil  profile,  and 
concentrates  salts  at  the  soil  surface. 

Note  that  Agriculture  Research  Service  (ARS)  research  found  that  salts 
are  leached  downward  after  the  claypan  is  ripped,  and  that  private 
landowners  adjacent  to  these  areas  have  succeeded  in  raising  crops 
after  ripping  or  plowing  these  thin  claypan  soils. 


62 


Rationale : 


The  claypan  soils  have  a  thin  silty  surface  horizon  (approximately  k 
inches  thick)  with  excessive  salt  concentration.     Salts  remain  near 
the  surface  because  the  thin,  impermeable  clay  layer  immediately  below 
prevents  them  from  leaching  through  the  soil  profile. 

Ripping,  furrowing,  or  otherwise  mixing  the  two  layers  (approximately 
8  to  12  inches  deep)  increases  infiltration  rates,  percolation  rates, 
and  rooting  depth.     Past  projects  increased  forage  production  by  an 
average  of  1 , 200  pounds  per  acre ,  and  as  high  as  1 , 600  pounds  per 
acre.     The  desirable  (palatable)  portion  of  the  vegetation  can  be 
increased  along  with  range  condition  rating. 

Agriculture  Research  Service  data  indicates  sustained  benefit  from 
fertilizing  after  furrowing.     On  a  thin  claypan  soil  near  Ekalaka, 
Montana,  nitrogen  fertilizer  increased  forage  growth  310  percent 
compared  to  the  same  fertilizer  used  on  a  nonfurrowed  site.  The 
benefit  of  a  single  application  on  the  furrowed  site  was  still  very 
evident  when  the  study  ended  eight  years  later. 


Table  13 »  Costs  and  benefits  of  rangeland  rehabilitation  project. 
 Project  costs  project  benefits 

Treatments 


-126  acres  with  diversions 

-  12  acres  ripped 

-  15  gullies  treated 

total  costs:  $2,020 


Forage  Response 

after  treatment  1,600  lbs/acre 

before  treatment  -  kOO  lbs/acre 

Increased  forage  1,200  lbs/acre 


Animal  Unit  Months  (AUM's) 
before  treatment 
after  treatment 


Sediment 

before  treatment  0.2  tons/acre 

after  treatment  -0.1  tons/acre 

reduced  sediment  0.1  tons/ acre 


Reservoir  life 

after  treatment  80  years 

before  treatment  -kO  years 

increased  life  kO  years 


Wildlife  forage 

after  treatment  8OO  lbs/acre 

before  treatment  -200  lbs/acre 

increased  forage  6OO  lbs/acre 


63 


Internal  rate  of  return:  5-9  percent. 
Present  net  value  (at  4  percent):  $2,l46. 
Benefit/cost  ratio  (at  4  percent):  2.06  to  1.00. 

Economics :     Since  the  early  1980's,  several  Custer  National  Forest  Ranger 
Districts  have  done  rangeland  ripping  along  with  some  diversion  ditching  to 
reduce  runoff  flows  and  improve  forage  production.     In  1984,  the  McKenzie 
Ranger  District  installed  a  combination  of  diversion  ditches  and  rangeland 
ripping  in  an  attempt  to  reduce  runoff  flows  into  a  gullied  area  of  a  pasture. 
Table  13  displays  the  results  of  this  effort. 

Construction  of  small  reservoirs  will  average  $20,000.     Increased  vegetative 
cover  and  improved  infiltrations  rates  will  reduce  sediment  yields  and  prolong 
the  life  of  these  reservoirs  by  40  years.     The  average  life  of  the  reservoirs 
was  40  years  before  treatment,   thus  $20,000  is  saved  forty  years  in  the  future. 
It  is  estimated  that  treatment  will  be  required  every  40  years  to  maintain 
benefits . 

Conclusions : 

The  added  benefit  is  that  heavier  forage  cover  and  good  infiltration  will 
reduce  runoff  and  the  resulting  sediment,  while  providing  added  cover  and 
forage  for  wildlife. 

The  life  expectancy  of  small  reservoirs  for  livestock  water  is  doubled  from 
kO  years  to  80  years.     Doubling  the  life  expectancy  of  these  small 
reservoirs--which  cost  $20,000  to  construct--thus  reduces  by  half  the  total 
cost  for  the  entire  80  year  period.     The  treatment  also  improves  the 
storage  life  of  large  reservoirs  along  the  Missouri  River. 
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Example  l4:  Title:  Chaparral  Conversion  In  Arizona — Water  Yield  Response  and 
Effects  on  Other  Resources. 


Source :  USDA-Forest  Service,  Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Research  Papers  126  and  127,  Brown,  Thomas  C,  Alden  R.  Hibbert, 
et.al.  1974,  updated  to  198?  values  (through  the  CPI)  with  reference  to  related 
land  use  information  and  forest  planning  by  Edward  R.  Frandsen,  1987- 


Problem : 


As  the  population  of  Central  Arizona  increases,  demand  for  water, 
outdoor  recreation,  hunting  opportunities,  and  other  woodland  products 
and  services  also  increase.     Efforts  to  meet  these  demands  raise  the 
question:     "What  product  mix  should  National  Forest  lands  in  the  Salt 
Verde  Basin"  emphasize;  is  this  management  emphasis  socially  and 
economically  acceptable,  and  is  the  management  decision  in  197^ 
compatible  with  current  forest  planning?" 


Soil  and  Water 
Involvement : 


To  identify  areas  favorable  for  treatment  (chaparral  conversion  to 
grass  for  reduction  of  fire  hazard,  and  increases  in  water  yield  and 
forage  for  livestock  grazing,  hydrologic  surveys  were  conducted  by 
Forest  Service  hydrologists ,  soil  scientists,  and  others.  These 
surveys  included  in-depth  inventories  of  vegetation  and  soils,  and 
were  combined  with  topographic,  recreation,  and  other  National  Forest 
information. 


Forest  Service  watershed  specialists  delineated  139  separate  chaparral 
areas;  estimated  costs  of  brush  conversion;  and  determined  the  effects 
of  conversion  on  yields  of  water,  forage,  and  sediment.     Effects  on 
fire  fire  hazard,  recreation  use,  aesthetics  and  visual  resources,  and 
wildlife  habitat  and  hunting  impacts  were  also  determined. 


Solution: 


Chaparral  control  methods  that  have  proven  effective  for  Arizona  are: 

1)  root  plowing; 

2)  prescribed  burning; 

3)  herbicides,  and 

4)  chemical  treatment  (herbicides)  in  combination  with  the  other 
three  treatment  methods. 


Due  to  steep  slopes  (more  than  20  percent)  and  often  rocky  and  gullied 
land,  only  2  to  8  percent  of  the  chaparral  area  delineated  was 
suitable  for  mechanical  methods  of  control  (Hibbert  et  al.  197^.) 
Establishing  grass  by  sowing  seeds  directly  into  the  ashes  after 
burning  (as  opposed  to  establishing  grass  on  areas  of  dead  brush)  also 
was  considered. 
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Rationale:     Decision  and  support  rationale: 

Inventory  revealed  139  chaparral  areas,  totaling  332,796  acres,  would 
meet  crown  cover,  slope,  and  management  criteria  for  conversion. 

Water  runoff :  increases  in  runoff  from  chaparral  brush  converted  lands 
were  estimated  from  streams  leaving  the  watershed;  water  supply  to 
downstream  hydroelectric  dams;  agricultural,  municipal  and  industrial 
water  use  at  final  points  in  the  Phoenix  Valley;  and  increased  water 
sources  for  wildlife  and  livestock. 

Forage  increases:  forage  increases  for  livestock  and  wildlife  were 
created. 

Where  allotments  were  not  overstocked,  forage  increases  for 
livestock  grazing  were  converted  to  pounds  of  beef,  through 
increases  in  allotment  carrying  capacity.     The  value  of  increases 
in  grazing  capacity  (with  and  without  brush  conversion)  was 
estimated  through  expected  net  returns  from  cattle  sales. 

Fire  cost  savings:     Conversion  from  brush-to-grass  generally  made  it 
less  costly  to  control  fires. 

Following  brush  conversion,  a  20  percent  reduction  in  fire  starts 
was  observed. 

Fire  benefits  (in  1972  dollars)  ranged  from  3  cents  to  $2  per 
acre.     Fire  cost  savings  from  the  original  analysis  were  updated 
to  1987  values  using  the  Consumer  Price  Index  (CPl) .  Updated  fire 
cost  savings  (benefits)  range  from  8  cents  to  $5-44  per  acre. 

Recreation:     Increases  in  hunting  opportunities  through  improved 
vehicle  access  were  determined  for  3  of  the  129  areas  converted. 
These  three  areas  were  close  to  Phoenix,  and  helped  meet  some  of  the 
demand  for  outdoor  recreation  from  this  dense  population  center. 

The  following  wildlife  habitat  improvements  occurred: 

the  movement  of  animals  improved;  the  abundance  and  quality  of 
browse  was  augmented;  and  the  variety  of  food  increased. 

Economics : 

Benefit/cost  analysis  of  chaparral  brush  conversion  was  performed  on  National 
Forest  lands  in  the  Salt-Verde  Basin  of  Arizona.     The  costs  of  converting 
chaparral  brush  areas  to  grass  and  maintaining  the  conversion  over  a  50-year 
period  was  compared  with  the  benefits  to  society. 

Economic  efficiency  (positive  benefits  to  costs)  was  not  the  only  decision 
criterion,  but  it  was  a  major  factor  in  deciding  whether  to  invest  in  the  brush 
conversion  project. 
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Undiscounted  total  costs  (1972  dollars)  were  $6.5  million  dollars.     Updated  to 
1987  values,  through  the  Consumer  Price  Index  (CPl),  estimated  costs  of 
conversion  would  be  $17.7  million  dollars. 

Benefit/Cost  analysis  shows  that  alternative  1  (a  treatment  using  an  initial 
burn  followed  by  maintenance  burns  and  use  of  herbicide  sprays)  is  economically 
feasible  on  96  of  the  139  areas. 

This  represents  82  percent  (273.383  acres)  of  the  total  acres  delineated;  and 
83  percent  (1^7, II8  acres)  of  the  actual  conversion  acres. 

Alternative  2  involves  an  initial  herbicide  treatment  (soil-applied)  treatment 
followed  by  maintenance  burns.     Table  l4  shows  total  costs  of  conversion 
(benefits  and  costs.)     For  alternative  2,  72  of  the  139  areas  were  economically 
feasible. 

Table  ik .     Total  benefits  of  conversion    of  all  areas  with  benefit/ 

 cost  ratio    greater  than  1.0:1.  Salt-Verde  Basin,  Arizona 

Alt.  1  Alt.  1  Alt.  2 

(best  (low 

 estimate)  estimate)   

Average  Present  Value  (PV)  Benefits 


Water  ^ 
Increase  in  off-site 

Runoff  (acre-feet)  30,^43  24,010  27,281 

Value  to  agric.  ($)  3^0,960  268,907  305.551 

Value  to  power  ($)  43,^94  36,721  kljGG 

Total  water  value  ($)  384,454  305.628  347.317 

Forage 

Increase  in  grazing 
capacity  (in  Animal 

Unit  Months  (AUM) )  35,520  5,883  25,608 

Value  ($)  265,710  26,146  189,076 

Fire 

Value  ($)  90,289  35,082  76,775 

Annual  benefits  ($)  66l,l82  346,503  552,660 

Annual  costs  ($)  291,835  202,238  352,660 

Annual  PNV  Benefits         ($)  369,347  144,265  199.687 

1 

Changes  due  to  conversion,  measured  by  the  "with"  minus  the  "without"  technique. 

2 

Constant  1972  dollars  over  50-year  planning  horizon  discounted  at  6-7/8 
percent.     Analysis  performed  in  1972  using  Water  Resource  Council  prescribed 
discount  rate  of  6-7/8  percent. 

3 

Alternative  1  reduced  by  using  low  estimates  of  yields  of  water  runoff,  forage 
production  and  utilization,  and  fire  benefits. 

4 

Eighty  percent  of  the  estimated  on-site  runoff  increase. 


67 

'Annual  benefits  and  costs  are  equal  to  PV  [i(l+i)t  /  ((l+i)t  -  1)]. 


Annual  economic  benefits,  updated  to  I987  values  through  the  CPl,  for  each 
of  the  alternatives  were: 

alternative  1  (best  estimate)  $1,798,415;    (low  estimate)  $942,488;  and 

alternative  2,  $1,503,235. 

Annual  costs,  updated  to  I987,  were: 

alternative  1  (best  estimate)  $793,791,   (low  estimate)  $550,087;  and 
alternative  2,  $959,235- 

Net  annual  benefits,  by  alternative,  were: 

alternative  1  (best  estimate)  $1,004,623,  (low  estimate)  $392,400;  and 
alternative  2,  $543,148. 

Annual  average  costs  and  benefits  per  acre  of  converted  chaparral  brushland 
area  also  were  updated  to  I987  values.     Updated  average  costs  per  acre  by 
alternative  are: 

alternative  1  (best  estimate),  $5-39.  and  (low  estimate)     $5«30;  and 
alternative  2  average  cost  per  acre  converted  was  $9-00. 

Net  returns  per  acre  converted,  by  alternative,  are:     alternative  1  (best 
estimate)  $6.83,   (low  estimate)  $3.78;  and  alternative  2,  $5.09- 

Conclusions ; 

Although  water  yield  improvement  practices  are  probably  limited  to 
less  than  one  percent  of  the  forest  and  rangeland  area,  there  is  a 
significant  future  in  forest  and  rangeland  management  for  these 
activities.     Where  economically  feasible  and  environmentally 
acceptable,  the  production  of  extra  water  may  well  be  one  of  the  most 
appropriate  objectives  of  land  management  (Hibbert  I983). 

On  areas  favorable  for  treatment,  converting  brush  to  grass  reduces 
fire  hazard,  and  substantially  increases  water  yield  and  forage  for 
livestock  and  wildlife.     Where  treatment  areas  are  kept  small, 
properly  designed  and  interspersed  with  brush  areas,  the  edge  effect 
created  by  the  openings  will  enhance  the  wildlife  habitat. 

Had  the  chaparral  conversion  not  been  done,  the  economic  benefits 
foregone  would  represent  the  opportunity  costs. 
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Determining  the  feasibility  of  converting  chaparral  brush  areas 
requires  integrated  interdisciplinary  input,  and  sound  hydrologic, 
soils,  and  vegetation  data.     This  information  was  provided  by  Forest 
Service  earth  scientists,  range  scientists,  and  wildlife  biologists. 

Ref  erences : 

Hibbert,  Alden  R,  Edwin  A.  Davis  and  David  G.  Scholl,  Chaparral  Conversion 
Potential  In  Arizona,  Part  I:  Water  Yield  Response  and  Effects, 
USDA-Forest  Service,  Research  Paper  RM-126,  July  1974. 


Brown,  Thomas  C;  Paul  F.  O'Connell  and  Alden  R.  Hibbert,  Chaparral  Conversion 
Potential  in  Arizona,  Part  II:    An  Economic  Analysis,  USDA-Forest  Service, 
Research  Paper  RM-127,  August  1974. 
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Example  15:  Title:     Bernalillo  Watershed  Flood  Project 

Source :     Pilot  Watershed  Project  Report,  Soil  Conservation  Service/Forest 
Service,  Albuquerque,  New  Mexico,  1958.     Cibola  National  Forest,  Region  3- 

Problem ; 

The  town  of  Bernalillo,  New  Mexico  developed  into  an  urban  community 
with  surrounding  farming  areas.     No  provisions  were  made  for  the 
passage  of  flood  runoff  into  the  Rio  Grande.     Runoff  from  summer 
floods  periodically  (once  every  1  to  3  years)  overtopped  bridges, 
covered  highways,  flooded  streets,  damaged  residences,  and  clogged 
irrigation  works  with  sediment. 

Soil  and  Water 
Involvement : 

Soil  and  watershed  scientists  from  the  Soil  Conservation  Service 
(SCS)     and  Forest  Service  evaluated  and  implemented  watershed 
practices  that  proved  effective  in  eliminating  flood  damages  suffered 
by  the  community. 

Approaches 
to  Solution: 

The  Soil  Conservation  Service  proposed  a  flood  water  retarding 
structure.  The  Forest  Service  proposed  watershed  terraces  on  flat  land 
and  steep  (up  to  60  percent)  slopes;  contour  furrows  (pitting  and 
chiseling);  revegetation  of  woody  pinyon- juniper  and  grasses;  rock 
gully  structures;  and  fencing  to  control  grazing. 

Rationale: 

Costs  were  actual  costs  incurred  for  the  project. 

Benefits  of  flood  damage  reduction  were  based  on  past  flood  damages. 
The  benefits  were  derived  from  reduced  flooding  and  sedimentation  and 
were  estimated  using  the  following  process  (see  SCS  Handbook,  1964): 

Step  1:     a  flood  discharge  versus  frequency  graph  was 
constructed. 

Step  2:     a  discharge  versus  damage  graph  was  constructed. 

Step  3:     a  discharge  versus  damage  graph  was  constructed,  using 
results  from  Steps  1  and  2. 

Step  4:  the  graph  in  Step  3  was  graphically  integrated  to  arrive 
at  an  annualized  benefit  value. 


Other  pertinent  information: 
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All  costs  were  incurred  evenly  over  the  first  5  years  of  the  project. 
Effectiveness  of  watershed  measures  is  based  on  past  performance  of 
similar  practices  used  in  the  southwest  and  intermountain  Regions. 

Range  depletion  and  deterioration  produced  the  flood  water  and 
sediment  problems  of  the  developed  irrigated  valley.     Range  conditions 
were  predominately  poor,  with  only  a  few  areas  of  fair  and  good 
condition . 

The  flood  retarding  structure  is  designed  to  regulate  the  maximum  flow 
expected  from  a  storm  which  might  occur  not  more  than  once  in  100 
years  on  the  average.     The  structure  can  operate  for  50  years 
unimpaired  before  sediment  accumulation  encroaches  on  detention 
capacity. 

Since  virtually  none  of  the  flood  waters  flow  into  the  Rio  Grande, 
sediment  from  the  watershed  contributes  only  slightly  to  sedimentation 
of  downstream  reservoirs. 

Annual  conservation  benefit  is  estimated  at  $3,^60.  Of  this,  $2,050 
is  the  value  of  increased  forage  production,  and  $l,4lO  is  the  value 
of  increased  crop  production. 


Table  15-  Distribution 

of  costs  and 

benefits 

by  measures  and  groups  of  measures, 

Sandia  Mountain  Tributaries,  Bernalillo  Watershed  ( 

1987  doll, 

ars)  . 

Average  Annual 

Benefit 

Total 

Average 

Flood  water 

Conser- 

Total 

cost 

annual 

Sc  sediment 

vation 

annual 

spread 

costs 

benefit 

benefit 

benef  its 

evenly  over 

first  5  years. 

(at 

(Dollars) 

(Dollars) 

(Dollars; 

1  (Dollars) 

(Dollars) 

Flood  water 

retardation 

structure 

(Piedra  Lisa  Wash) 

333.480 

13.820 

21.590 

21,590 

Stabilization  and  sedi- 

ment control  measures 

14,580 

605 

315 

1,280 

Stabilization  of 

critical  areas 

178,800 

7.410 

9.930 

2,285 

12.215 

Contour  furrowing- 

range  seeding 

160,910 

6,670 

6.895 

11,030 

17.930 

All  measures 

687,770 

28,505 

39.360 

13.630 

53.015 

Estimated  life  of  project:  50  years.     Costs  occur  beginning  of  each  year,  benefits 

occur  end  of  each  year. 

Internal  rate  of  return  =  8.95  percent 

Present  net  value  (at  4  percent)  =  $502,017 

Benefit/cost  ratio  (at  4  percent)  =  1.79  to  1.00 
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Economics :  Table  15  shows  the  costs  and  benefits  derived  from  the  watershed 
measures.     Benefits  to  wildlife,  range,  or  other  resources  not  directly 
attributable  to  the  objectives  of  this  project  were  not  valued.     The  costs  and 
benefits  are  in  I987  dollars.     These  values  are  amortized  over  a  50  year  period 
at  a  4  percent  discount  rate. 

Conclusions : 

Installation  of  flood  retarding  measures  can  be  cost  effective  as 
shown  in  this  example.     Simple  measures  such  as  stabilization  and 
seeding  of  upland  watersheds  are  as  cost  effective  as  more  traditional 
measures  such  as  flood  water  dams  and  retention  basins. 

Ref  erences ; 

USDA  Soil  Conservation  Service,  1964.     Economic  Guide  for  Watershed  Protection 
and  Flood  Prevention.     Chapter  3*    Washington,  D.C. 

USDA,  195S«     Sandia  Mountains  Tributaries  of  the  Rio  Grande  Watershed. 
Albuquerque,  New  Mexico. 
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Example  l6:  Title:  Recouping  Timber  Growth  and  Yield  Losses  Through  Skid  Trail 
Rehabilitation . 

Source :  George  E.  Dissmeyer  and  Bennett  Foster,  Soil  Water  and  Air  and 
Cooperative  Forestry,  Southern  Region,  Atlanta,  Georgia 

Problem ; 

Timber  yields  from  trees  growing  in  primary  skid  trails  and  skid  roads 
is  severely  reduced.     Soils  within  skid  trails  are  severely  compacted 
limiting  soil  moisture  availability  and  root  development.  Soil 
nutrients  are  removed  during  skidding  and  in  the  construction  of  skid 
roads . 

Soil  and  Water 
Involvement : 

Soil  and  water  specialists  prescribe  rehabilitation  treatments  for 
skid  trails  and  skid  roads. 

Solution: 

Install  rehabilitation  treatments.     Rehabilitation  treatments  usually 
include  soil  ripping  or  tillage,  waterbarring,  seeding,  fertilizing, 
and  mulching  where  needed. 

Rationale : 

Wert  and  Thomas  (I98I)  found  volume  growth  of  42-year  old  Douglas-fir 
(Psuedosuga  menziesii)  in  primary  skid  trails  was  reduced  by 
percent,  compared  to  trees  growing  in  undisturbed  soil.  Hatchell 
(I97O)  found  loblolly  pine  (Pinus  taeda)  seedling  establishment  and 
early  growth  in  primary  skid  trails  were  adversely  affected  by 
compaction.     He  suggested  disking  or  subsoiling  to  break  up  the 
compaction  and  improve  seedling  establishment  and  early  growth. 

Hatchell  (I98I)  reports  tilling  and  fertilizing  heavily  compacted  skid 
trails  and  landings  resulted  in  seedling  growth  (through  age  four)  as 
being  close  to  growth  occurring  on  undisturbed  soils.     Based  upon 
verbal  communication,  12-year  height  growth  for  trees  growing  in  the 
skid  trails  is  essentially  as  for  those  growing  in  undisturbed  soil. 

Dissmeyer  {I985)  presents  the  following  basic  concept  for  soil 
productivity: 

"Growth  differences  observed  during  the  first  5  to  10  years  of 
stand  development  on  upland  sites  will  persist  through  a  pulpwood 
rotation  and  likely  to  a  sawlog  rotation.     Thus,  if  loblolly 
growth  with  rehabilitated  skid  trails  is  essentially  the  same  as 
those  growing  on  undisturbed  soil,  then  heights  at  the  end  of  a 
sawlog  rotation  should  be  approximately  the  same." 
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Economics :  The  economics  of  primary  skid  trail  and  landing  rehabilitation  can 
be  approximated  using  the  data  by  Wert  and  Thomas  (I98I).  Benefits  from  skid 
trail  rehabilitation  for  hardwood,  hardwood/pine,  and  shortleaf  pine  on  site 
index  60  and  70  (base  50  years)  land  is  estimated  (table  I6) . 

Evaluated  sawlog  rotations  of  60  to  70  years  were  used.    Table  I6  shows  the 
expected  volume  of  timber  per  hectare  and  the  value  per  cubic  meter. 

A  growth  loss  of  7^  percent  (Wert  and  Thomas  I98I)  was  used  to  predict  growth 
of  timber  on  skid  trails.     Empirical  field  observations  suggest  similar  growth 
losses  in  Southern  forests.     The  predictions  showed  26  percent  of  timber  volume 
on  skid  trails,  compared  to  undisturbed  soil.     Growth  losses  on  skid  trails 
ranged  between  233  and  311  cubic  meters  per  hectare  (3,l84  to  4,440  cubic  feet 
per  acre)  for  the  rotation. 

Hatchell  (I98I)  stated  that  long  term  growth  could  not  be  projected  from  his 
4-year  study  on  the  effects  of  compaction,  but  the  data  summarized  by  Dissmeyer 
(1985)  and  Amateis  and  Burkhart  (I985)  on  early  (5-10  years)  showed  that  height 
differences  between  site  preparation  treatments  on  upland  Coastal  Plain  and 
Piedmont  sites  persist  to  the  end  of  pulpwood  rotations. 

The  growth  curves  presented  by  Dissmeyer  (I985)  and  Amateis  and  Burkhart  (I985) 
suggest  that  growth  differences  would  probably  also  persist  through  60- to 
70-year  sawlog  rotations. 


Table  I6.     Analysis  of  economic  benefits  of  skid  trail  rehabilitation  in  the 

management  of  three  southern  timber  types.  

 Timber  type  

Hardwood  Shortleaf 

 Units      Hardwood       pine  pine 


Rotation 

Years 

70 

60 

60 

Harvest  volume  per  hectare 

Cubic  M 

301 

350 

420 

Value  per  cubic  meter 

1986  $ 

$28.57 

$42.86 

$64.29 

Total  value  of  timber  per  hectare 

for  uncompacted  soil 

1986  $ 

$8,600 

$15,000 

$27,000 

Timber  volume  per  hectare  on  skid 

trails  (26?^  of  uncompacted  soil)  Cubic  M 

Timber  volume  lost  per  hectare  Cubic  M 


78 
223 


91 
259 


109 
311 


Cost  per  hectare. of  skid  trail 

rehabilitation  I986  $ 

Timber  volume  recovered  {75%  of  loss)  Cubic  M 

Value  of  timber  volume  recovered  I986  $ 


Internal  rate  of  return 
Present  net  value  (at  4  percent) 
genef it/cost  ratio  (at  4  percent) 


percent 
1986  dollars 


$900 

167 
$4,771 

2.4 

-$592 
0.34:1 


$900 

194 
$8,315 

3.8 
-$110 
0.88:1 


$900 

233 
$14,980 

4.8 
$524 
1.58:1 


Average  cost  per  hectare  of  skid  trail  for  waterbarring,  ripping  or 
disking,  seeding,  fertilizing,  and  mulching  where  needed. 
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Hatchell  (I98I)  found  that  ^-year  heights  were  the  same  between  rehabilitated 
skid  trails  and  uncompacted  soil.     Twelve  year  heights  were  essentially  the 
same  (McKee,  verbal  communication) .    Projecting  to  the  end  of  a  pulpwood 
rotation,  the  trees  in  the  former  skid  trails  should  be  about  the  same  as  trees 
growing  on  the  uncompacted  soil.    Tree  height  should  also  be  approximately  the 
same  at  the  end  of  a  sawlog  rotation. 

For  the  purposes  of  this  example,  is  was  estimated  that  only  75  percent  of  the 
growth  loss  would  be  regained  by  skid  trail  rehabilitation. 

The  average  cost  to  fully  treat  a  hectare  of  skid  trail  is  $900  ($35^  per 
acre) . 

Full  treatment  includes  waterbarring,  ripping  or  disking,  seeding,  fertilizing 
and  mulching  where  needed.     Using  a  4  percent  discount  rate,  the  present  net 
values  of  rehabilitating  three  timber  types  range  from  minus  $59^  to  $524  per 
hectare  (-$234  to  $206  per  acre). 

The  benefit/cost  ratio  for  hardwood  is  0.34;  for  hardwood  pine  0.88;  and  for 
shortleaf  pine  I.58.     The  rates  of  return  range  from  2.4  to  4.8  percent. 

Conclusions: 

Investments  in  skid  trail  rehabilitation  in  moderately  high-value 
shortleaf  pine  contributes  significantly  to  timber  production  and  a 
financial  sound  investment. 

In  relatively  low-value  hardwood  and  hardwood/pine  timber  types,  skid 
trail  rehabilitation  will  not  produce  a  positive  financial  return 
(using  a  4  percent  discount  rate) .     Using  a  lower  discount  rate  (2 
percent)  would  yield  a  positive  economic  return.     Skid  trail 
rehabilitation  will  be  even  more  productive  in  more  highly- valued 
timber  types. 

Ref  erences 

Ameteis,  R.  L.  and  H.  E.  Burnhart.  1985-  Site  index  curves  for  loblolly  pine 
plantations  on  cutover  site-prepared  lands.     Sou.  Jour.  Applied  For. 
9:166-169. 

Dissmeyer,  G.  E.  I985.     Economic  impacts  of  erosion  control  in  forests.  In. 
Proceedings  Southern  Forestry  Symp.  Nat.  Assoc.  of  Prof.  Forestry  Schools 
and  Colleges.  November  19-21,  I985,  Atlanta,  Ga.   (In  Press). 

Hatchell,  G.  E. ,  C.  W.  Ralston,  and  R.  R.  Foil.  I97O.  Soil  disturbances  in 
logging:  Effects  on  soil  characteristics  and  growth  of  loblolly  pine  in 
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APPLICATIONS 


This  project,  from  the  beginning,  was  designed  to  present  a  series  of  examples 
demonstrating  approaches  that  can  and  have  been  used  for  similar  projects. 
Each  contains  information  and  demonstrate  procedures  that  can  be  applied  to 
similar  situations. 

Because  the  material  is  presented  in  this  way,  and  because  it  contains  an 
extensive  bibliography,  it  provides  a  number  of  opportunities  for  practical 
application.     For  instance:  using  one  or  more  of  the  procedures  illustrated  by 
this  report,  the  economic  costs  and  benefits  of  timber  sale  alternatives  can  be 
evaluated.     The  analysis  may  determine  that  the  application  of  mitigation 
measures  for  watershed  may  in  fact  restore  soil  productivity  and  in  turn  result 
in  sustained  or  increased  growth  for  timber. 

The  examples  come  from  all  areas  of  the  United  States,  and  represent  a  good 
cross-section  of  resources  and  approaches.     Many  are  based  on  work  done  by 
agencies,  research,  universities,  and  private  landowners. 

This  effort  brought  together  a  large  amount  of  economic  information  related  to 
resource  management  and  mitigation  measures.     This  project  may  well  serve  as  a 
prototype  for  developing  resource  memagement  economics  and  for  identifying 
research  needs.     As  it  proceeded,  an  amazing  array  of  information  was 
obtained.     While  not  all  of  the  information  led  to  examples,  it  did  provide  a 
basis  to  determine  future  needs  in  research  and  studies. 

This  report  will  be  useful  in  federal  and  state  agency,  industrial,  university 
and  private  applications.     The  following  lists  some  specific  uses  (or  users)  of 
the  information  and  approaches  presented: 

Resource  Planning  Act  assessments; 
forest  land  management  planning; 
environmental  impact  statements; 
state  forest  resource  planning; 
industrial  forest  land  planning; 
addressing  national  issues; 
training; 
universities ; 
small  landowners; 

Soil  Conservation  Service  activities; 
Economic  Research  Service; 
international  conservation  activities; 
analysis  of  resource  interactions; 
establishing  budget  priorities; 

communications  with  other  resource  specialists;  and 
monitoring  activities. 
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RESEARCH  NEEDS 

In  constructing  the  examples  of  soil  and  water  economics  and  in  reviewing 
accumulated  literature,  it  became  clear  that  several  types  of  data  and  resource 
interaction  relationships  are  not  currently  available.     Without  these  data  and 
relationships  it  is  not  possible  to  quantitatively  estimate  induced  outputs  and 
benefits  for  these  situations,  though  they  are  qualitatively  recognizable. 

Economic  analysis  or  justification  of  resource  management  effort  can  proceed 
where  the  specific  physical  input/output  interactions  are  known  and  quantified. 

The  following  are  a  few  specific  research  needs  if  more  complete  economic 
analyses  or  valuations  are  to  be  made: 

1.  development  of  fish/sediment  relationship  models  for  warm  and  cold  water 
fisheries  for  all  sections  of  the  country; 

2.  research  on  "instream  flow  needs" — the  relationship  of  stream  flow 
regime  to  fisheries,  wildlife,  benthic  organisms,  recreation  experience  and 
values,  aesthetics,  and  sustaining  riparian  resources; 

3.  research  on  riparian/wetland  dependent  resources  and  their  dependence  on 
soil  and  water  resource  management; 

^.  expansion  of  soil  productivity  research,  including  timber,  range,  and 
wildlife  management  interactions  with  soil  properties  and  soil  productivity 
for  all  sections  of  the  country; 

5.  research  on  soil  and  watershed  management  associated  with  road 
construction  and  maintenance,  and  the  cost/effectiveness  of  soil  and  water 
management  associated  with  roads;  and 

6.  research  on  the  value  of  improved  water  yield  and  quality  to  downstream 
users  of  water. 
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CONCLUSIONS 


Watershed  management  involves  the  basic  resources  of  soil  and  water,  upon  which 
the  production  of  all  forest  and  range  land  products  and  services  depend.  The 
production  of  goods  and  services  from  these  lands  is  a  function  of  the  manner 
in  which  the  soil  and  water  resources  are  managed,  conserved,  and  used. 

Watershed  management  is  the  process  of  formulating  and  carrying  out  courses  of 
actions  involving  the  manipulation  of  natural,  vegetation,  and  human  resources 
on  a  topographically  delineated  watershed.     Watershed  management  considers 
social,  economic,  and  institutional  factors;  changes  in  land  use  and  vegetative 
cover;  and  nonstructural  and  structural  actions  taken  to  achieve  watershed 
management  objectives. 

The  interrelationships  between  soil  and  water  and  other  related  land  resources 
are  embedded  in  watershed  management.     Watershed  management  practices  or 
projects  illustrated  by  report  examples,  include: 

1)  rehabilitation  practices  aimed  at  correcting  past  land  use  actions; 

2)  protection  practices  to  maintain,  sustain,  augment,  or  enhance  current 
or  future  land  uses;  and 

3)  integration  of  watershed  practices  aimed  at  sustaining  or  enhancing 
upland  productivity  (while  preventing  adverse  on-site  or  downstream 
impacts)  into  other  resource  development  actions. 

This  report  provides  a  workable  framework  discussing  a  set  of  economically 
feasible  watershed  practices/projects  which  have  been  applied  on  National 
Forest  lands.     Most  of  the  examples  presented  demonstrate  positive  returns  from 
investments  in  soil  and  water  resource  management. 

A  few  examples  evaluated  practices  that  were  not  cost  effective  for  a  specific 
site  and  management  situation.     However,  these  practices  applied  in  another 
setting  may  prove  to  be  cost  effective. 

These  examples  may  assist  others  in  quantifying  and  evaluating  the  economics  of 
water  and  related  land  resource  practices  and  projects.  Such  analyses  will  aid 
in  prioritizing  projects  or  practices  for  funding  to  gain  the  greatest  economic 
efficiency. 

In  the  examples,  incremental  outputs  and  values  of  induced  goods  and  services 
attributable  to  investments  in  management  of  soil  and  water  resources  on  forest 
and  range  lands  are  identified.     The  examples  provide  insights  into  the 
economic  implications  and  impacts  of  watershed  management  and  other  related 
land  resource  activities,  practices,  and  projects. 
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APPENDIX  A 


MATRICES  USED  IN  LITERATURE  SEARCH  AND  AS  FRAMEWORKS  FOR  ECONOMIC  ANALYSES 

Five  matrices  were  developed  to  estimate  the  economic  benefits  from  soil  and 
water  resource  management  in  the  five  emphasis  areas  (tables  A-1  through  A-5) • 
These  matrices  served  three  functions: 

1)  directed  the  literature  search; 

2)  governed  the  cataloguing  of  papers;  and 

3)  projected  the  induced  outputs  and  economic  benefits  from  soil  and  water 
resource  management. 

The  matrices  were  developed  under  the  premise  that  it  was  very  unlikely  that 
the  literature  or  file  reports  from  agencies  would  have  examples  of  economic 
analyses  which  quantified  induced  outputs  from  soil  and  water  resource 
management.     However,  the  literature  does  contain  numerous  papers  that 
demonstrate  the  effect  of  different  soil  and  water  practices  (for  example  on 
seedling  height  growth,  or  on  pole  and  sawtimber  growth) . 

The  literature  has  height  growth  curves,  growth  and  yield  tables,  growth  and 
yield  models,  and  other  procedures  that  can  be  linked  together  to  project 
timber  yields  at  the  end  of  the  rotation.     The  same  linkages  can  be  developed 
for  forage,  fisheries,  and  water  enhancement.     (The  road  emphasis  area, 
however,  required  a  different  approach.) 

By  linking  several  procedures  together,  we  produced  matrices  to  estimate 
outputs  of  timber,  forage,  fisheries,  and  enhanced  water  from  specific  soil  and 
water  practices.     The  matrices  provide  a  framework  for  comparing  differences  in 
resource  outputs  between  very  poor,  poor,  good,  and  excellent  soil  and  water 
resource  management. 

The  difference  in  resource  outputs  between  lower  and  better  quality  soil  and 
water  practice  is  claimed  as  an  induced  output  for  proper  soil  and  water 
resource  management.     For  the  purposes  of  this  project,  soil  and  water  resource 
management  can  claim  the  induced  output  as  a  benefit  from  its  program  only  if 
investments  were  made  in  soil  and  water  management  as  a  part  of  the  project. 

Once  the  induced  output  from  soil  and  water  investments  is  estimated,  an 
economic  analysis  is  performed.     The  cost  of  providing  soil  and  water  input 
into  the  project  is  determined  and  compared  with  the  value  of  the  induced 
output.     A  benefit/cost  ratio,  a  present  net  value,  and  an  internal  rate  of 
return  are  computed  for  the  soil  and  water  practice. 

The  matrices  focused  the  literature  search  and  governed  cataloguing  of 
literature  when  it  was  received.     The  cells  in  the  matrices  identified  the  type 
of  information,  data,  and  relationships  needed.     The  literature  search  sought 
out  specific  papers  containing  information  identified  for  each  cell.  Once 
papers  were  found,  they  were  identified  with  the  cell(s)  for  which  they 
contained  information. 

This  literature  search  did  not  locate  and  catalogue  all  available  papers  for 
the  five  emphasis  areas.     The  matrices  are  still  useful  for  identifying  missing 
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information,  or  information  that  would  apply  to  a  new  situation  within  the  five 
emphasis  areas . 

For  developing  economic  examples,  induced  output  was  limited  to  the  one 
primarily  associated  with  the  matrix  used.     For  example  only  timber  outputs 
were  estimated  in  developing  the  examples  with  the  timber  matrix.  Obviously, 
the  soil  and  water  related  practices  listed  in  the  timber  matrix  affect  water 
yields,  water  quality,  fisheries,  and  enhanced  water.     These  practices  are 
listed  in  other  matrices,  and  are  evaluated  there. 

However,  matrices  can  be  linked  together  to  evaluate  an  array  of  resource 
interactions,  thus  giving  a  more  complete  analysis  of  impacts,  induced  outputs 
and  combined  economic  benefits  within  the  five  emphasis  areas.  Similar 
matrices  can  be  developed  for  several  of  the  other  resource  areas  and  linked 
with  these  for  a  more  comprehensive  analysis. 

Timber  matrix 

The  timber  matrix  requires  specific  data  and  relationships  to  estimate  the 
induced  timber  output  from  soil  and  water  management  (table  A-1).  The 
literature  search  was  limited  to  major  types  being  managed  in  the  various 
regions  of  the  country:  Douglas-fir,  jack  pine,  loblolly  pine,  lodgepole  pine, 
longleaf  pine,  maple,  oaks,  ponderosa  pine,  red  pine,  sand  pine  and  slash  pine. 

A  partial  list  of  soil  and  water  related  timber  management  practices  are 
displayed  in  column  1.     These  management  practices  reflect  different  soil  and 
water  treatments  or  impacts:  soil  tillage,  soil  compaction,  soil  exposure, 
nutrient  management,  and  mitigation.     For  purpose  of  developing  economic 
examples,  soil  and  water  related  practices  of  logging  systems,  site 
preparation,  fertilization,  skid  trail  rehabilitation,  and  reforestation  were 
chosen. 

Stocking  levels  are  influenced  by  soil  and  water  practices  (column  2) . 
stocking  levels  from  natural  regeneration  are  often  governed  by  the  amount  of 
soil  exposure,  tillage  or  scarification,  soil  compaction,  and  nutrient 
availability.     Data  on  stocking  levels  as  a  result  of  different  types  of  site 
preparation  can  be  found  in  the  literature,  or  better  yet,  in  in-house  stocking 
survey  reports. 

As  the  stand  matures,  mortality  reduces  the  number  of  stems  per  acre.  Given 
initial  stocking  levels  for  each  soil  and  water  related  practice,  future 
stocking  levels  can  be  estimated  using  mortality  curves  or  survival  over  timber 
curves.     It  is  then  possible  to  determine  the  practices  providing  adequately 
stocked  stands  throughout  the  rotation  (under  normal  conditions) ,  and  those 
practices  that  will  not.     Stocking  differences  between  treatments  can  be 
estimated  over  time. 

Soil  and  nutrient  management  affect  seedling  and  sapling  growth  (column  3)« 
The  literature  has  numerous  papers  documenting  the  influence  of  these    soil  and 
water  related  practices  on  early  growth.     Papers  reporting  height  growth 
differences  at  5  to  10  years  of  age  are  preferred  over  reports  for  ages  less 
than  5  years. 
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If  literature  is  not  available  for  the  effects  of  different  site  preparation 
practices  on  seedling/sapling  growth,  this  information  can  be  gathered  through 
field  observations. 

The  procedure  for  collecting  this  data  starts  with  locating  plantations  of 
similar  age  (in  the  5~  to  10-year  age  range)  that  have  been  established  using  a 
wide  variety  of  site  preparation  treatments.     All  must  be  located  on  the  same 
soil  series. 

Selected  plantations  should  all  be  on  sites  receiving  the  same  amount  of 
precipitation;  with  the  same  aspect;  and  at  the  same  elevation.  This 
eliminates  growth  variations  from  differences  in  soil  and  site  location.     To  be 
selected,  plantations  must  be  planted  with  the  same  nursery  stock  to  eliminate 
growth  differences  due  to  varying  genetic  characteristics. 


Table  A-1.  Timber  matrix  (species-specific) 
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The  next  step  is  to  measure  and  average  tree  heights  for  the  different  site 
prepared  areas.     Differences  in  average  height  between  plantations  can  be 
attributed  to  differences  in  site  preparation  treatments. 

Height  growth  curves  and  models  are  available  to  project  height  of  saplings 
through  to  the  end  of  the  rotation  (column  5) •        Early  height  growth 
differences  between  treatments  can  be  translated  into  estimated  height  or  site 
index  differences  at  the  end  of  the  rotation. 
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Occasionally,  height  growth  responses  from  site  preparation  have  been  tracked 
through  23  to  25  years  or  to  pole  size  stands,  and  reported  in  the  literature 
(column  4).     These  long  term  studies  confirm  growth  curves  and  models  (column 
5).     Again,  height  differences  in  pole  stands  can  be  projected  to  the  end  of 
the  rotation  using  the  growth  curves  and  models  (column  5). 

Fertilization  is  used  when  a  stand  is  established  or  after  stand  closure, 
depending  upon  the  nutrient (s)  applied  and  the  purpose  of  the  treatment. 

On  phosphorus-deficient  soils,  phosphorus  applied  when  the  trees  are  planted 
enhances  growth  from  the  seedling  stage  through  the  end  of  the  rotation, 
is  enhanced.     Nitrogen  is  frequently  applied  after  stand  closure  to  enhance 
pole  and  sawtimber  growth  (column  k) . 

Once  height  growth  differences  are  projected  to  the  end  of  the  rotation,  growth 
and  yield  tables  or  models  can  be  used  to  determine  yields  resulting  from 
various  soil  and  water  treatments  (column  6) . 

The  timber  yield  differences  between  low  quality  and  better  soil  and  water 
practices  are  determined.  This  is  the  increment  of  induced  output  due  to 
improved  soil  and  water  management  (column  7) • 

For  site  preparation,  if  treatment  "D"  produced  the  highest  yield  (YD),  the 
induced  output  over  treatment  "E"  is  "YD"  minus  "YE"  (column  7). 

In  some  cases,  both  timber  and  watershed  make  investments  into  a  project  that 
results  in  enhanced  timber  growth.     Sometimes  it  is  not  possible  to  estimate 
what  proportion  of  the  induced  output  is  attributable  to  which  investment. 

An  example  is  fertilization.     Soil  scientists  make  soil  interpretations  stating 
that  a  soil  needs  to  be  fertilized,  and  recommend  the  rate  of  fertilizer 
application.     Timber  pays  for  the  fertilizer  and  for  the  application.  Both 
watershed  and  timber  made  significant  investments  in  the  project,  and  each  have 
claim  to  a  portion  of  the  benefits.     It  is  not  possible  to  divide  the  benefits 
between  the  two,  thus  a  joint  benefit/cost  analysis  is  made. 

The  increment  of  induced  timber  output  has  monetary  value  depending  upon  the 
species  and  products.     The  value  or  benefit  is  expressed  as  present  value  in 
dollars  per  acre  (column  8a).    The  costs  associated  with  soil  and  water 
management  are  converted  to  present  cost  per  acre  of  the  project  (column  8b). 
A  benefit/cost  ratio  is  computed  (column  8c).     Finally,  an  internal  rate  of 
return  on  the  investment  is  calculated  (column  8d) . 

Forage  Matrix 

The  forage  matrix  links  information,  data,  and  relationships  together  to 
estimate  the  induced  outputs  (browse  and  forage)  and  economic  benefits.  The 
resource  being  managed  is  forage  which  can  be  consumed  by  a  variety  of  wildlife 
and  domestic  livestock.     Economic  benefits  from  induced  forage  yields  from  soil 
and  water  management  can  be  estimated  by  translating  these  yields  into  carrying 
capacity. 
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The  literature  search  sought  specific  types  of  information,  data,  and 
relationships  for  each  cell  in  the  model  (table  A-2) .     Column  1  lists  several 
soil  and  water  related  practices  that  affect  forage  production  or  utilization. 
Literature  reporting  forage  yields  for  these  practices  is  reported  in  column 
2. 


Information  on  the  conversion  of  pounds  of  forage  to  carrying  capacity  for 
various  animals  is  in  column  3*     The  value  of  each  type  of  animal  is  also 
needed  for  the  matrix. 

The  forage  model  estimates  benefits  from  soil  and  water  management  in  the 
following  fashion: 

For  range  rehabilitation  of  a  specific  vegetation  type,  potential 
treatments  are  identified  (column  1). 

In  searching  for  literature  and  developing  examples  for  this  effort,  only 
range  rehabilitation,  water  development,  and  grazing  system  practices  were 
considered.     The  literature  and  forest  reports  used  contain  information  on 
the  pounds  of  forage  associated  with  the  different  types  of  range 
rehabilitation  practices  and  grazing  systems  (column  2) . 

Forage  production  associated  with  untreated  conditions  is  compared  with 
that  produced  by  a  rehabilitation  practice.     The  difference  between  the 
treated  and  untreated  forage  yields  is  the  increment  induced  by  the 
treatment  (column  3) • 


Table  A-2.  Range  matrix     (by  range  type) 
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The  increment  of  induced  forage  yield  needs  to  be  converted  into  numbers  of 
animals.     Conversion  factors  to  translate  pounds  of  induced  forage  yield 
into  numbers  of  animals  are  recorded  in  column  h. 
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Forage  is  consumed  by  a  variety  of  animals.    Thus  the  model  can  be  used  to 
evaluate  soil  and  water  treatments  on  both  domestic  and  wild  animals.  The 
increment  of  forage  is  translated  into  carrying  capacity,  measured  in 
animal  unit  months  (AUM's)  of  forage  (column  5) • 

Different  animals  have  different  economic  value.     The  value  per  AUM  is 
multiplied  by  the  increment  of  AUM's  to  derive  the  economic  benefit  (column 
6a) . 

The  cost  of  providing  the  soil  and  water  input  into  the  project  is  recorded 
in  column  6b. 

A  benefit/cost  ratio  is  computed  (column  6c).    The  internal  rate  of  return 
is  shown  in  column  6d. 

A  word  about  conversion  factors:  they  vary  widely.     They  can  vary  between 
vegetative  types  and  localities.     Even  within  a  type  and  location,  different 
scientists  have  different  opinions  as  to  the  proper  conversion  factor.     Get  a 
consensus  for  a  representative  conversion  factor,  or  use  an  average  of  the 
factors  available. 

Water  developments  requires  a  different  approach.     Water  distribution  is  a  key 
factor  for  livestock  distribution  and  forage  utilization.     Livestock  limit  the 
distance  from  water  they  travel  while  foraging.     Forage  utilization  is 
concentrated  near  water.     Parts  of  the  range  may  be  underutilized  and  parts  may 
be  over  utilized  because  of  limited  sources  of  water. 

Animals  can  be  made  to  forage  more  uniformly  over  the  range  by  constructing 
water  developments  in  under  utilized  areas.  This  makes  more  forage  readily 
available,  so  more  animals  can  use  the  area. 

Forage  consumption  "with  water  development"  is  compared  with  that  for  "without 
water  development".     In  column  2,  pounds  of  forage  utilized  (for  both 
conditions)  is  recorded.     The  difference  between  the  two  conditions  (with  and 
without  water  development)  is  the  amount  of  forage  that  can  be  attributed  to 
the  water  development  (column  3) • 

The  conversion  factor  (column  4)  translates  this  increment  of  increased  forage 
consumption  into  AUM's.  The  increment  of  AUM's  is  converted  to  dollar  benefit 
(column  6a)  and  is  compared  to  the  cost  of  the  water  developments. 

A  benefit/cost  ratio  and  an  internal  rate  of  return  can  be  computed  (columns  6c 
and  6d) . 


Fish  Matrix 

The  fish  matrix  (table  A-3)  translates  soil  and  water  related  practices 
into  water  quality  and  water  yield  impacts  (column  2) . 

Models  and  relationships  translate  water  quality  and  water  yield 
characteristics  into  fish  emergence,  carrying  capacity,  and/or  biomass 
(column  3) • 
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Different  soil  and  water  related  practices  produced  different  water  quality. 
For  example,  under  harvesting  systems,  tractor  logging  involves  skid  trails, 
landings  and  roads,  all  sources  of  sediment.    With  proper  location, 
construction,  and  closure  of  skid  trails,  landings  and  roads,  sediment 
concentrations  and  bedload  in  the  stream  can  be  greatly  reduced.  Sediment 
adversely  affects  emergence,  carrying  capacity,  and  biomass  for  cold  water 
fish. 

The  fish  response  to  tractor  logging  with  mitigation  measures  is  estimated 
using  models  or  relationships  and  is  recorded  in  column  4,  as  is  the 
fisheries  response  for  tractor  logging  without  mitigation  measures. 

The  increment  of  fish  produced  due  to  implementation  of  soil  and  water 
measures  (the  difference  between  fisheries  responses  with  and  without 
mitigation--see  column  4)  is  recorded  in  column  5« 

There  are  two  ways  to  establish  value  figures  for  the  fisheries  resource. 

One  is  to  convert  the  increment  of  fish  into  Wildlife-Fish  User  Days 
(WFUDs) .     A  conversion  factor  (to  convert  numbers  of  fish  to  WFDs)  is 
needed.     If  a  conversion  factor  is  available,  multiply  the  increment  of 
fish  by  the  factor  and  record  the  WFUDs  in  column  6. 

A  WFUD  has  an  economic  value.    WFUD  values  have  been  established  for 
several  areas  of  the  country.    Multiply  the  number  of  WFUDs  by  the  WFUD 
value  to  estimate  the  benefit  (column  7a). 

The  cost  of  soil  and  water  input  into  the  project  and  the  cost  of 
mitigation  measures  is  summed  and  reported  in  column  7b. 

A  benefit/cost  ratio  and  the  internal  rate  of  return  is  computed  (columns 
7c  and  7d) . 

More  information  and  data  is  needed  to  support  the  cells  in  the  model.  The 
fish  model  will  rely  on  some  of  the  fish  habitat  relationships  models  that  have 
become  available  in  the  past  few  years. 
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Table  A-3-  Fish  matrix  (species-specific). 
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R 


Yc 
Yd 


Yc  -  Yd    WFUDs      $      $    B/C  % 


Construction 
Good 
Poor 


WQ  R 

Barriers  to  R 
migration 


Ye 
Yf 


Ye  -  Yd    WFUDs      $      $  B/C 


Harvesting  syst. 
Tractor 
Cable 
High  lead 


WY,  WQ 
Lg.  organic 
debris 


R 
R 
R 


Yg 
Yh 
Yi 


Yh 
Yi 


Yg  WFUDs 
Yg  WFUDs 


$  B/C  % 
$    B/C  % 


Shade  strips 


Shade 


R 


Yj 


Yj  -  Yg    WFUDs      $      $    B/C  % 


Detritus 
Sediment 

Site  preparation  (Same  approach) 
Range  Management      (Same  approach) 


Enhanced  Water  Matrix 

The  enhanced  water  matrix  evaluates  soil  and  water  practices  in  terms  of 
downstream  users  of  water,  for  example  to  municipal  water  supplies  and  for 
irrigation. 

A  few  soil  and  water  related  practices  are  listed  in  column  1  (table  A-4): 
logging  systems,  roads  and  recreation.  Other  practices  can  be  listed,  but 
for  the  purposes  of  this  effort,  these  were  the  examples  chosen. 
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These  practices  affect  water  quality  and  water  yield  (see  column  2). 
Different  soil  and  water  practices  produce  different  concentrations  of 
nutrients,  sediment  and  organic  matter,  and  different  stream  temperatures. 

Roads  also  add  salt  and  oils  in  runoff.     Recreation  activities  can  increase 
fecal  coliform  levels  in  water.     If  water  is  impacted  by  these  activities, 
the  cost  of  water  treatment  for  domestic  water  supply  companies  is 
affected. 


Table  A-4.  Enhanced  water  matrix. 


(1) 

-(2) 

(3) 

(^) 

(5) 

(6) 

Soil  and  water 

Water 

Convers . 

Treatment 

Increm. 

Economics 

related 

quality, 

factors 

cost  or 

treatment 

(a) 

(b)   (c)  (d) 

practices 

yield  & 

value 

savings 

B 

C    B/C  IRR 

timing. 

or  value. 

Logging  systems 

Tractor 

WY,WQ,T 

Down- 

$i 

Cable 

ti 

stream 

$ii 

$i  -  $ii 

$ 

$    B/C  % 

High  lead 

It 

value  = 

$iii 

$i  _  $iii 

$ 

$    B/C  % 

f (WY) . 

Treat- 

ment cost 

=  f(WQ). 

Roads 

Location 

It 

It 

$iv 

Construction 

It 

It 

$v 

$iv  -  $v 

$ 

$    B/C  7o 

Recreation 

Swimming 

WQ 

tt 

$vi 

Fishing 

ti 

It 

$vii 

$vi  -  $vii 

$ 

$    B/C  7o 

Water  treatment  costs  increase  as  the  concentration  of  a  pollutant 
increases  (column  3)'     With  the  new  EPA  regulations,  if  concentrations 
increase  above  a  threshold,  full  treatment  is  required.     Thus,  water 
treatment  cost  can  take  a  quantum  leap.    Relationships  of  treatment  costs 
as  a  function  of  pollutant  concentration  are  needed  (column  3)- 

Under  logging  systems,  tractor  logging  may  yield  more  sediment  than  a  cable 
system.     The  sediment  yield  from  tractor  logging  will  cost  $i  to  treat 
(column  h)  .     The  cost  to  treat  the  sediment  from  cable  logging  is 
$ii (column  4} . 

If  cost  $ii  is  less  than  cost  $i,  a  treatment  cost  savings  ($i  -  $ii)  is 
reported  in  column  5- 


87 


Treatment  cost  savings  are  converted  to  present  value  and  reported  as  the 
benefit  (column  6a). 

Costs  of  planning  and  implementing  sediment  control  measures  are  reported 
as  current  costs  in  column  6b. 

A  benefit/cost  ratio  and  an  internal  rate  of  return  are  computed  (columns  6c 
and  6d) . 

The  way  timber  is  harvested  can  affect  water  yield  (column  2) .     If  water 
yield  is  increased  and  the  resulting  water  results  in  more  households  being 
served,  in  more  agricultural  land  brought  into  production,  or  in  more  crop 
yield  per  acre,  the  increased  water  yield  has  value.  Conversion 
relationships  or  factors  to  convert  water  yield  into  downstream  value  are 
needed  (column  3)- 

The  downstream  value  of  water  yield  from  various  harvesting  systems  is 
recorded  in  column  4. 

The  increment  of  increased  downstream  value  is  reported  in  column  5- 

The  downstream  value  is  converted  to  present  value  or  economic  benefit 
(column  6a) .     The  cost  of  designing  and  implementing  the  harvesting  system 
to  increase  water  yields  is  recorded  in  column  6b. 

The  benefit/cost  ratio  and  an  internal  rate  of  return  are  computed  (columns  6c 
and  6d) . 

Road  Matrix 


The  road  matrix  is  fairly  straight  forward  (table  A-5) .     In  column  1, 
several  soil  and  water  related  road  practices  are  listed:  location, 
drainage,  culvert  sizing,  revegetation  of  cut  and  fill  slopes,  and  road 
surfacing. 

The  cost  of  construction  with  and  without  the  soil  and  water  measures  are 
recorded  in  column  2. 

Often  soil  and  water  measures  influence  maintenance  costs.  The  maintenance 
costs  for  with  and  without  watershed  treatments  are  reported  in  column  3- 

Sometimes  watershed  measures  lower  construction  costs  and  the  increment  of 
construction  cost  saved  is  recorded  in  column  4.     In  some  cases,  soil  and 
water  practices  may  increase  construction  costs.     The  increment  of 
increased  cost  is  then  reported  in  column  4. 

Watershed  related  practices  can  reduce  or  increase  maintenance  costs  and 
the  increment  of  reduced  or  increased  costs  in  reported  in  column  5' 
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Table  A-5  Road  matrix 


(1)                          (2)                  (3)                   i^)  (5) 
Soil  and  water                Construction    Maintenance      Cost  Savings  Economics 
related                             cost                  cost                                 (a)   (b)   (c)  (d) 
practices  B      C    B/C  IRR 


Location 
Good 
Poor 


$g 
$p 


$g 
$p 


$g  -  $P 


$      $    B/C  % 


Construction 
Good 
Poor 


$g 
$p 


$g 
$p 


$g  -  $p 


$    B/C  % 


Drainage 
Good 
Poor 


$g 
$g 


$p  $g  -  $P  $      $    B/C  % 

$p  $g  -  $p  $      $    B/C  % 


Culvert  Sizing 
Proper  size 
Too  small 


$ps 
$sm 


$ps 
$sm 


$ps  -  $sm 


$    B/C  % 


Revegetate  Cut  & 
Fill  Slopes 
Seed  &  mulch 


Seed,  mulch  &  fert. 


Hydroseed 


Untreated 


$m 
$f 
$h 
$u 


$in 
$f 
$h 
$u 


$u  -  $m         $      $    B/C  % 


5u  -  $f         $      $    B/C  % 


$u  -  $h         $      $    B/C  % 


Road  Surfacing 
Surf  aced 
Unsurf  aced 


$$s 

$$u 


$$s  $$s  -  $$u        $      $    B/C  % 

$$u 


In  making  the  economic  analysis,  if  construction  and  maintenance  costs  are 
reduced,  these  savings  are  treated  as  benefits.     If  these  costs  are  increased, 
then  they  are  treated  as  a  cost. 


The  increments  of  construction  and  maintenance  costs  savings  are  adjusted 
to  present  value,  summed  and  reported  as  the  benefit  in  column  6a. 
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The  cost  of  providing  soil  and  water  input  to  the  project  plus  the 
increment  of  increased  cost  for  installing  and  maintaining  the  practice (s) 
are  converted  to  current  cost,  summed,  and  reported  in  column  6b. 

A  benefit/cost  ratio  and  an  internal  rate  of  return  are  computed  (columns 
6c  and  6d) . 

Road  surfacing  can  be  analyzed  in  a  different  fashion.     If  soils  exist  that 
have  enough  natural  rock  and  have  other  soils  characteristics  to  permit  road 
traffic  without  surfacing,  soil  and  water  input  can  save  in  surfacing  costs. 

Soils  input  consists  of  soil  mapping  and  interpretation  and  water  input 
consists  of  soil  moisture/precipitation  analysis  to  determine  the  amount  of 
traffic  the  soil  can  handle  ( "traf ficability" ) .    The  period  of  traf ficability 
is  determined  for  the  setting  and  compared  with  the  needed  traffic  period. 

If  the  required  traffic  period  is  short  enough,  the  road  surface  may  not 
need  to  be  surfaced.    Thus  the  saving  in  surfacing  costs  is  the  benefit 
(column  6a) . 

The  costs  includes  soil  mapping,  soil  interpretations,  and  soil  moisture, 
precipitation  and  soil  traf ficability  analyses  (column  6b).    A  benefit/cost 
ratio  and  internal  rate  of  return  is  computed  (columns  6c  and  6d) . 


APPENDIX  B 
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BIBLIOGRAPHY  AND  DATA  GENERAL  COMPUTER  INTERACTION 


The  bibliography  accompanying  this  report  has  been  developed  as  a  working 
tool.     It  can  be  used  as  a  source  for  locating  specific  articles  at  the  local 
library.     (Refer  to  the  Bibliography  section  for  explanation  of  the  printed 
Bibliography  accompanying  this  report.)     It  can  also  be  used  by  any  person 
familiar  with  the  CEO  system  on  the  Data  General  (DG)  terminals  of  the  USDA 
Forest  Service.     (Refer  to  the  Data  General  Data  Base  and  Interface  with 
PRESENT  section  for  further  discussion  of  the  data  base  which  stores  the 
bibliography. ) 

Bibliography 

Over  700  pieces  of  literature  were  collected  during  the  literature  search. 
Each  article  was  reviewed  for  content  according  to  the  matrices  established 
(Appendix  A).     The  bibliography  which  follows  is  a  listing  of  these  articles 
sorted  according  to  the  five  emphasis  areas:  timber,  forage,  fisheries, 
enhanced  water,  and  roads. 

Many  of  the  articles  encompass  information  for  more  than  one  emphasis  area.  A 
paper  such  as  "Cattle  Grazing  and  Wood  Production  with  Different  Basal  Areas  of 
Ponderosa  Pine"  by  Warren  P.  Clary  reports  both  timber  and  forage  production 
and,  therefore,  will  be  reported  in  the  citations  for  TIMBER  MATRIX  -  CITATIONS 
FOR  PONDEROSA  PINE  as  well  as  FORAGE  MATRIX  -  CITATIONS  FOR  REGIONS  1,  2,  3, 
AND  4.     Additionally,  the  five  emphasis  areas  are  further  sorted  into  species 
types  or  geographic  regions.    The  heading  on  each  page  of  the  bibliography 
indicates  the  matrix  and  species  type  or  geographic  region. 

Each  citation  has  been  formated  with  the  AUTHOR(S)  and  the  DATE  on  the  first 
line.     The  second  line  is  the  TITLE  of  the  article.     The  SOURCE  for  the  article 
is  printed  on  the  third  line.     The  fourth  line  contains:  the  PAPER  NUMBER 
assigned  to  each  article,  the  soil  and  water  related  management  PRACTICE,  the 
RANGE  TYPE  ,  and  the  corresponding  MATRIX  COLUMNS  relating  to  the  specific 
emphasis  area.     (See  Appendix  A  for  em  explanation  of  these  individual 
columns.)    To  further  clarify  the  citation,  each  of  these  parts  will  be  dealt 
with  individually. 

AUTHOR(S)  Listed  in  alphabetical  order.     Each  emphasis  area  and 

corresponding  subheading  is  a  new  listing  restarting 
the  alphabetical  order. 

DATE  Date  article  was  published. 

Different  articles  but  with  the  same  author(s)  are  listed  in 
ascending  order  according  to  the  date  of  the  publication. 

TITLE  Due  to  space  limitations  of  the  data  base  some  titles  were 

either  abbreviated  or  some  joining  words  left  out  entirely. 
Some  abbreviations  were  used  (refer  to  abbreviations  list). 

SOURCE  Publication  where  article  resides. 

The  source  may  be  a  formal  journal,  a  U.S.  government 
publication,  a  published  conference  proceedings,  or  an 
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unpublished  report  by  an  individual  or  agency. 

U.S.  Forest  Service  Experiment  Stations  are  a  common  source 
for  many  of  these  articles  and  are  usually  cited: 
USPS  RM-145  General  Technical  Report.    This  indicates  that 
the  citation  is  a  U.S.  Forest  Service,  Rocky  Mountain  Forest 
and  Range  Experiment  Station,  General  Technical  Report 
Number  145-     The  abbreviations  listing  will  be  a  quick 
reference  for  all  these  types  of  papers. 

PAPER  NUMBER     This  is  a  reference  number  corresponding  to  each  unique 
article.     A  library  of  all  articles  listed  in  the 

bibliography  is  maintained  by  . 

If  a  particular  article  cannot  be  located,  a  request  of  this 
office  can  be  made.    Refer  to  the  paper  number  with  the 
request . 

PRACTICE  Each  article  deals  with  a  specific  practice  relating  to  soil 

and  water  resource  management  or  impacts.     The  practice  is 
listed  in  this  column.     However,  some  articles  are  general, 
or  report  multiple  management  practices.     In  such  cases  this 
column  lists  broader  categories  such  as  Multiple,  General 
Watershed  Management,  General  Paper,  Economic  Analysis, 
etc.     Any  unpublished  reports  from  National  Forest  offices 
are  listed  as  Forest  Report  in  this  column. 

RANGE  TYPE         The  Map  of  Forest  and  Range  Ecosystems  of  the  U.S. -1977 
(Garrison  et  al.     1977-     Vegetation  and  Environmental 
Features  of  Forest  and  Range  Ecosystems.     USDA  Forest 
Service,  Agriculture  Handbook  No.  475)  is  the  classification 
system  used  to  label  range  types.    This  column  is  not 
included  for  the  timber  emphasis  area. 

MATRIX  These  columns  differ  for  each  of  the  five  emphasis  areas. 

COLUMNS  Appendix  A  deals  specifically  with  the  matrices  used  and 

gives  a  detailed  explanation  of  each  column. 

An  (X)  has  been  used  to  indicate  that  the  particular 
citation  includes  information  relating  to  the  specific 
column  or  contains  sufficient  data  to  develop  the 
information  needed  for  the  column.     A  (~)  or  a  blank  space 
in  the  column  indicate  that  no  such  information  exists.  The 
ECONOMICS  column  gives  abbreviations  for  economic 
information  reported  in  the  article:  B  (Benefit),  C  (Cost), 
B/C    %  (Benefit-Cost  Ratio),  and  IRR  (Internal  Rate  of 
Return) .     Again,  this  information  is  directly  reported  or 
can  be  determined  by  the  information  provided  in  the 
article. 

Due  to  space  limitations  many  abbreviations  were  used  in 
these  matrix  columns  (refer  to  the  Abbreviations  List). 
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Abbreviations,  Expansions  and  Definitions 


These  abbreviations  are  found  in  the  citations  or  headings  of  the  bibliography 
accompanying  this  report. 

TITLE  and  SOURCE: 

Abbreviations  of  State  names  follow  the  U.  S.  Postal  Service  system 
(e.g.,  CO  for  Colorado,  IL  for  Illinois) 

Federal  Agencies: 


FS  United  States  Forest  Service 

SCS  United  States  Soil  Conservation  Service 

TVA  United  States  Tennessee  Valley  Authority 

USDA  United  States  Department  of  Agriculture 

USFS  United  States  Forest  Service 

USDI  United  States  Department  of  Interior 

WO  Washington  Office  of  the  U.  S.  Forest  Service 

USDA  Forest  Service  Experiment  Stations: 

INT  Intermountain  Forest  and  Range  Experiment  Station 

NC  North  Central  Forest  Experiment  Station 

NE  Northeastern  Forest  Experiment  Station 

PNW  Pacific  Northwest  Forest  and  Range  Experiment  Station 

PSW  Pacific  Southwest  Forest  and  Range  Experiment  Station 

RM  Rocky  Mountain  Forest  and  Range  Experiment  Station 

SE  Southeastern  Forest  Experiment  Station 

SO  Southern  Forest  Experiment  Station 

FPL  Forest  Products  Laboratory 


USDA  Forest 

Service  Regions: 

Region 

1. 

Northern 

Region 

2, 

Rocky  Mountain 

Region 

3, 

Southwestern 

Region 

4. 

Intermountain 

Region 

5. 

Pacific  Southwest 

Region 

6, 

Pacific  Northwest 

Region 

8, 

Southern 

Region 

9, 

Eastern 

Region 

10, 

Alaska 

Other  Abbreviations: 

Conf  (conference) 

Proc  (proceedings) 

GTR  (General  Technical  Report) 

S  (sulphur) 

N  (nitrogen) 

FOR  (forest  or  forestry) 
RNG  (range) 
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MATRIX  COLUMNS: 

Timber  Citations: 

Seed  Sap  Growth  (Seedling  and  Sapling  Growth) 
Pole  &  Saw  (Pole  and  Sawtimber  Growth) 
Growth  Curves  (Height  Growth  Curves) 
G  and  Y  Tables  (Growth  and  Yield  Tables) 

Forage  Citations: 

Pounds  Forage  (Pounds  of  Forage) 

Conversion  to  Number  Animals  (Conversion  Factor  to  Number  of  Animals) 
Induced  Number  Animals  (Induced  Number  of  Animals) 


Fisheries  Citations: 

WQ  WY  WT  FH     (Water  Quality,  Water  Yield,  Water  Timing,  Fish  Habitat: 

all  of  these  are  in  column  2  of  the  matrix  in  Appendix  A.) 
EM  CC  BM  (Emergence,  Carrying  Capacity,  Biomass  Model:     All  of  these 

make  up  column  3  of  the  matrix  in  Appendix  A.) 
Numbers /Pounds  (Numbers  or  Pounds  of  Fish) 
Increment  (Induced  Increment  of  Fish) 
Convert  to  WFUD  (Conversion  of  Fish  to  WFUDs) 

Enhanced  Water  Citations: 

WQ  WY  WT     (Water  Quality,  Water  Yield,  Water  Timing:     All  of  these 

make  up  column  2  of  the  matrix  in  Appendix  A.) 
Conversion  Relations  (Conversion  Relationships) 
Cost  or  Value  (Treatment  Cost  or  Value  of  Water) 

Savings  Increment  (Increment  of  Treatment  Savings  or  Water  Value) 

Road  Model: 

Construction  Cost  (Construction  Costs) 
Maintenance  Cost  (Maintenance  Costs) 
Construct  Increment  (Construction  Cost  Increment) 
Mainten  Increment  (Maintenance  Cost  Increment) 


STOP  HERE  IF  YOU  ARE  ONLY  INTERESTED  IN  THE  FOLLOWING  'HARDCOPY'  BIBLIOGRAPHY 


CONTINUE  FOR  INFORMATION  ON  THE  BIBLIOGRAPHY  DATABASE,  IMPORTING  THE  DATA  BASE 
INTO  YOUR  OWN  DG  SYSTEM  AND  USING  DG  SOFTWARE  FOR  MANIPULATING  THIS  DATA 


USDA  Forest  Service  Data  General  Data  Base  and  Interface  with  PRESENT 


To  facilitate  the  cataloguing  process,  each  article  was  entered  in  a  Data  Table 
using  the  DG  software,  CEO  Decision  Base  Data  Table  Processor.     To  sort  and 
develop  the  printed  copies  which  form  the  accompanying  bibliography  of  this 
report,  PRESENT  Information  Presentation  Facility,  a  software  package  available 
on  the  DG,  was  used. 
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This  Data  Table  has  been  stored  so  that  a  copy  of  it  can  be  retrieved  by  any 
person  wishing  to  do  her/his  own  sorting  using  PRESENT  or  other  report 
formatting  software  available  with  the  DG  system.     The  process  for  this  will  be 
explained  in  detail  in  the  Retrieval  and  Import  sections. 


Bibliography  Storage  in  Data  Table 

The  Data  Table  created  in  CEO  is  a  listing,  by  row,  of  each  article  reviewed. 
The  rows  are  divided  into  64  columns,  each  of  which  describes  a  single 
attribute  of  the  article's  information  as  relates  to  the  matrices  (described  in 
Appendix  A)  or  other  pertinent  information.     The  following  is  a  listing  of 
these  columns  and  their  parameters. 


Column  Definitions 


NO.  COLUMN  NAME  (abbreviation  description)  COLUMN  TYPE 


1 

Paper  Number 

text, 

lef t- justif ied 

2 

Geographic  Region 

text. 

left- justified 

3 

Authorl 

text. 

lef t- justif ied 

i\ 

Author2 

text, 

lef t- justif ied 

5 

Date 

text. 

centered 

6 

File  Location 

text, 

centered 

7 

Title 

text, 

lef t- justified 

8 

Source 

text, 

lef t- justif ied 

9 

Timber 

text, 

centered 

10 

Forage 

text, 

centered 

11 

Water 

text, 

centered 

12 

Fish 

text, 

centered 

13 

Roads 

text, 

centered 

li\ 

Wildlife 

text, 

centered 

15 

Recreation 

text, 

centered 

16 

LBP  (loblolly  pine) 

text, 

centered 

17 

SP     (slash  pine) 

text, 

centered 

18 

LLP  (long-leaf  pine) 

text, 

centered 

19 

SDP  (sand  pine) 

text 

centered 

20 

PP     (ponderosa  pine) 

text, 

centered 

21 

LP     (lodgepole  pine) 

text 

centered 

22 

JP     (jack  pine) 

text 

centered 

23 

RP     (red  pine) 

text 

centered 

2k 

DF  (Douglas-fir) 

text 

centered 

25 

M  (maples) 

text 

centered 

26 

0  (oaks) 

text, 

centered 

27 

Practice 

text 

left- justified 

28 

Stocking  Level 

text, 

centered 

29 

Seed  Sap  Growth  (seedling  and  sapling  growth) 

text. 

centered 

30 

Pole  Sawtimber  (pole  and  sawtimber  growth) 

text, 

centered 

31 

Growth  Curves  (height-growth  curves) 

text. 

centered 
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32 

text 

33 

\ji    cUlU     I     XcLLiXt^o     ^  gJ.         Lyll    dilLi    J^XCXLI     ucik./-LC.o  / 

text. 

centered 

oil 
3^ 

Kcononiics 

OCT 

35 

CoinputGr  ModcXs 

r*f^n  1"  f^T*f^H 

30 

i\ang6  1  yps 

text 

-1-  v3  A.   O        1  UO  \^-l.±.  -J-  vl. 

51 

UOW 

d  1  l^vl^  J-  vl^  V-J. 

0.9, 
30 

text  V 

3^ 

Dssr 

text 

no 

Othsr  Aninial 

/l  1 

Pounds  of*  Forage 

r*  t^n T*^^  rl 

xnau.CGQ  riesoiirce  vjuupuu 

43 

VyUllV"i-  o_HJll    I'lLilllUCi-        1 1  1  iiifi  1  0     ^        1  i  V  v;:^ i-  o-lwii    j-  clk^  \y\^x.  i^w 

text. 

CF^nt'prpfi 

llU.liiL/Ci;L     vjl      dl  1  _L 111 d X 0  / 

~{r^^f\\^nc^c\  Mi  iinH(=»T*  An  im^ilQ    I  inHii  pp»H  m  imhpp  of*  f^ninifilfi) 

1  1  H  1 1  J  t  -t^i  1     i  1  Li-ili     v3  JL      r\*  *  *  *"^  \  '  i>      Y  _L  1 1  \^      v_-  v_,  V_l     1 1  l-l  iU.  kJ  \^  J-      v_/ i       CXJ.  x -i_  1.11  u. -t- / 

text , 

centered 

Zic; 

water  yuajLity 

40 

water  ixexa 

4/ 

wa.  uer  i  inung 

1-p>xt- 

V^wlX  LfOJ.  vi^Li. 

lift 
40 

rXSIl   ilclD    ^  I  Xbll  llclUXLclLy 

ZlQ 

4y 

text 

Of^n  1"  p'pf^d 

50 

Salmon 

text. 

centered 

t)l 

UtllGr  rlSIl 

I?3 

Jr  Xfell    III          D     ^  i  XIsil    tJlUtJL  ^tJllL-ti  ,     L-dl  1  y  Xll^    UdJJclv^X  , 
diiLl    uxvjiiicioo    111 Wvj. t- X 0  f 

J-K^l.  O     J  Lik3  1>XX  XC^Li 

r  Xoll    Xlll^i      ^  XliLiLlL.  tJLl    XI IV^  J-  C-ilid  lU    \J  L     1.  J-i::>Li  j 

text 

f*  f^n  t"   r*f=*  fi 

56 

Fish  To  WFUD  (conversion  of  fish  to  WFUDs) 

text. 

centered 

D 1 

n  CL  LrCi-      Vxl^ll  V          oX  wll     1  VC^Xd  L^XUll      y  \^VJllVC;i-  OXVJli     i.  ^XCl.L'-l-V./i-lOll-L^O  y 

text. 

50 

rVd  UcfX     \-/vJo  U              V  dXLit3  ^UlCdL/llltillU    V^LJoL.    \JL     VdX  Lie    L^i     WdUt-J-  / 

p^n  1"OT»f^r1 

Vf  dUtJl-     OdVXIl^o     XllL-J.  clllt;!!  U     ^  XilL^l  tilllt::!!  U     IJI  UJ-CdUIlItJliU 

odVXll^o    vji-     WdLtJJ-     VdXLlc  / 

fin 

V'L/ilo  L-l.  kXKj  UXL/il    vyUo  U     ^  L/tJllo  UJ-  LAO  UXLJll    L-LJo  Uo  y 

61 

M?*i  n1~p^n?^nr*<=*  r!oQl"    (  mpin  n'hf^nA^nr'f^  r'OQt'c:! 

text. 

62 

Construction  Increment  (construction  cost  increment) 

text. 

centered 

63 

Maintenance  Increment  (maintenance  cost  increment) 

text. 

centered 

64 

Anadromous  (anadromous  fish) 

text. 

centered 

Most  entries  in  these  columns  are:     1)  text  strings;     2)  an  (X)  indicating 
existing  information  in  the  particular  article;  and  3)  a  (~)     or  blank  space 
indicating  no  information  for  the  column  reported  in  the  particular  article. 

There  are  four  exceptions  to  these  types  of  entries. 

Column  #2,  Geographic  Region:  the  entries  are  E  (USFS  Regions  8  and  9) 5  M 
(Regions  1-4);  W  (Regions  5.  6,  and  10);  ALL  (entire  U.S.);  or  blank  space 
(no  region  specified  in  the  article). 

Column  #6,  File  Location:  this  is  a  bookkeeping  column,  therefore,  ignore. 

Column  #34,  Economics:  the  entries  B  (benefits),  C  (costs),  B/C  % 
(benefit-cost  ratio),  and  IRR  (internal  rate  of  return)  are  reported  in  the 
'hardcopy'  bibliography,  singly  or  in  combination. 
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Column  #53.  Fish  E  C  B:  the  entries  E  (emergence),  C  (carrying  capacity), 
and  B  (biomass  models)  are  reported  in  the  'hardcopy'  bibliography,  singly 
or  in  combination. 

The  bibliography  is  an  expanding  as  well  as  a  working  tool,  because  the  data 
table  has  the  capability  to  store  9»999  rows  and  99  columns.  Therefore, 
additional  citations  will  be  added  periodically.     Individuals  are  encouraged  to 
send  published  studies  and  published  or  unpublished  reports  documenting  soil 
and  water  practices  (especially  those  which  quantify  the  economic  benefits 

derived  from  those  practices)  to  .     These  will  then 

become  a  part  of  the  data  base. 

Manipulating  the  Data  Table 

PRESENT  Information  Presentation  Facility  Data  General  software  was  used  to 
produce  the  bibliography  accompanying  this  report.     PRESENT  allows  the  user  to 
select  data  from  the  data  table,  sort  the  data,  and  to  format  the  data  into  a 
report.     Queries  are  written  which  interact  with  the  data  base  to  produce  these 
reports.     PRESENT  Information  Presentation  Facility  User's  Manual  more  fully 
explains  PRESENT  queries  and  accompanying  commands.     A  copy  of  this  manual  can 
be  obtained  from  your  DG  Systems  Manager. 

The  query  which  produced  the  bibliography  for  "Forage  Matrix  -  Citations  for 
Regions  1,  2,  3.  and  4"  follows. 


TITLE  "FORAGE  MATRIX  -  CITATIONS  FOR  REGIONS  1,  2,  3  AND  4"  CENTER 


REPORT  1  AUTHOR 1  LEFT  AUTH0R2  COLUMN  +1  DATE  COLUMN  +1 
REPORT  2  TITLE  COLUMN  +2 
REPORT  3  SOURCE  COLUMN  +2 

REPORT  4  PAPER_NUMBER  COLUMN  +2  PRACTICE  COLUMN  +7  RANGE_TYPE  COLUMN  +5 
POUNDS_OF_FORAGE  COLUMN  +3  INDUCED_RESOURCE_OUTPUT  COLUMN  +3 

CONVERSION_NUMBER_ANIMALS  COLUMN  +3  INDUCED_NUMBER_ANIMALS  COLUMN  +3  ECONOMICS 
COLUMN  +3 
REPORT  7 

SORT  AUTHOR 1  DATE 
NOHEADERS  12  3 
HEADER  AUTHORl  "  " 
HEADER  AUTH0R2  "  " 
HEADER  DATE  "  " 

HEADER  PAPER_NUMBER  "CITATION" 

HEADER  PRACTICE  "PRACTICE" 

HEADER  RANGE_TYPE  "RANGE  TYPE" 

HEADER  POUNDS_OF_FORAGE  "POUNDS"  "FORAGE  " 

HEADER  INDUCED_RESOURCE_OUTPUT  "INDUCED"  "RESOURCE"  "OUTPUT" 
HEADER  CONVERSION_NUMBER_ANIMALS  "CONVERSION"  "TO  NUMBER"  "ANIMALS" 
sEADER  INDUCED_NUMBER_ANIMALS  "INDUCED"  "NUMBER"  "ANIMALS  " 
HEADER  ECONOMICS  "ECONOMICS" 

SELECT  FORAGE  =  "X"  AND  GEOGRAPHIC_REGION  =  "ALL     "  OR  "M        "  OR  "E,M     "  OR 

"M,W     "  OR  "E,M,W" 

PAGESIZE  62  lines  132  COLUMNS 
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The  highlighted  command  phrase,  SELECT  FORAGE  =  "X",  can  be  changed  to  select 
other  information  from  the  bibliography  data  table.     For  example,  if  citations 
reporting  instream  flow  requirements  for  river  boating  are  needed,  the  command, 
SELECT  RECREATION  =  "X"  AND  WATER  YIELD  =  "X"  will  pull  those  citations  from 
the  data  table .     Of  course ,  corresponding  commands  (i.e. ,  REPORT  4  and  HEADER 
must  also  be  adjusted,  and  other  commands  can  be  changed  to  suit  personal 
requirements . 

The  bibliography  data  table,  BIBLIOGRAPHY . DTB ,  is  stored  in  IS.     Through  a 
series  of  steps  the  entire  bibliography  can  be  copied  into  the  DG  user's  own 
CEO  staff  space  as  a  data  table.     A  sample  query  for  each  of  the  five  emphasis 
areas  has  been  stored  in  a  "dump"  file,  QUERIES. DTB.    This  "dump"  file  can  also 
be  copied  into  the  DG  user's  own  CEO  staff  space  and  can  be  used  as  a 
formatting  guide  and  easy  reference  for  writing  other  queries.     (Note:  The 
user  is  only  retrieving  a  copy  of  the  bibliography  data  table,  therefore  no 
damage  to  the  original  data  table,  due  to  user  error,  is  possible.)     Both  of 
these  files  can  be  accessed  by  following  the  RETRIEVAL  and  IMPORT  steps  in  the 
next  section. 


Bibliography  Data  Table  and  Dump  File  Retrieval 

Use  IS  Retrieval  to  obtain  the  current  copy  of  the  bibliography  data  table  or 
the  queries  dump  file.     Before  retrieval  confirm  that  you  have  sufficient  space 
in  your  IS  folder  to  store  the  file  and  its  contents.     For  this  data  table  1000 
blocks  of  IS  and  CEO  space  is  needed.     Extra  space  may  be  needed  to  store  files 
generated  during  runs. 

The  steps  listed  below  should  help  you  with  the  retrieval  process. 
To  retrieve: 

Enter  IS: 


IS  MAIN  MENU 


Select  3.  Utilities 

Select  6.    Retrieval  and  FCCC  Access 

Select  1.  Retrieval 


Location  of  File  to  be  Retrieved  (type  in  the  underlined  items) 

Host  Name:  s28a  

Level  (1.  Public,  2.  Staff):  1.  Public 
Drawer  Name:  distribution 
Folder  Name:  system 

File  Name:  bibliography . dtb  or  queries. dtb 
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Location  into  which  to  put  the  file 
Level 

Drawer  Name: 
Folder  Name: 
File  Name: 

This  is  the  location  in  IS-CLI  on  the  user's  DG  system  where  the 
data  table  or  queries  will  be  stored.     The  Level  must  be  staff  or 
public.     The  Drawer  and  Folder  can  either  be    public  or  the 
user's  staff  space. 

Shall  I  retrieve  the  File  now? 

Type  Y  or  N     (If  N,  you  will  be  prompted  for  a  time) 

A  message  describing  the  success  or  failure  of  the  retrieval  will  be  generated 
and  sent  to  your  inbox. 


Bibliography  Data  Table  and  Dump  File  Import  to  CEO 

Documentation  is  contained  in  two  WRD  files,  DOCI  and  DOCII.  They  are  retrieved 
as  described  above  and  then  must  be  imported  into  CEO. 


To  import: 

CEO  Main  Menu 


Select  5.  Filing 

Select  7'  Import 

Type  filename      (instructions  below)  

Type  in  complete  pathname  where  file  is  stored  in  CLl  or  IS-CLI. 
: public : distribution : system : bibliography . dtb 


Filing  Menu 

Drawer  name   

Folder  name   

Document  name 


Type  in  the  Drawer,  Folder,  and  Document  name  where  the  data 
table  and/or  queries  will  be  stored  in  personal  or  staff  CEO 
space.     The  user  will  be  prompted  to  fill  in  the  document 
summary.     Then  the  requested  file  will  be  imported  into  this 
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named  document.  After  successful  import  the  DOCI  and  DOCII  files 
may  be  deleted  from  personal/staff  IS-CLI  space. 
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